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Introductory remarks  
 This is the Second Annual Report of CRN 2047 covering activities from July 2007 to the 
end of June 2008. The report is organized in 11 sections. Section 1 is an overview of the project 
that summarises the major achievements over the last year. This is followed by a section that 
reports on significant group activities (Annual Science Meeting, major conference participation, 
and some student support/training activities) plus interactions with the newly created IAI-SGP-HD 
projects. The remaining sections are organized on a regional basis. These reports vary in length 
depending on activities by each group to date and will generally follow the IAI reporting format. 
Publications and presentations are reported in each of these sections and a consolidated 
bibliography is given in Section 11.  I would like to acknowledge the assistance of Dr Mariano 
Masiokas in the preparation of this report.  
 
1.2. Complementary funding 
Details of complementary funding are given in the Financial Report documents and 
individual sections of this report. In total we received over $170,000 mainly from government or 
international agencies in Argentina, Bolivia, Canada, Chile and Mexico. In addition that 
document reports about $100,000 in non-monetary contributions from institutions and 
individuals in Argentina, Bolivia, Brazil, Chile and Mexico, exclusive of the salary components 
for the North American participants. The researchers at CEQUA in Punta Arenas have also 
received two new major, multi-year grants from CONICYT that will support research that 
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complements the IAI project. In total both direct and in-kind contributions exceed the CRN 
funding from IAI. 
 
1.3. Major findings 
 This project involves many ongoing investigations over a very extensive area, broad 
diversity of environments and research themes. Ultimately these case studies will be synthesized 
towards the end of the project but at this stage the preliminary results must be reviewed on a 
more regional basis. A brief summary of some of the major highlights follows.  
 
Altiplano  
 The strong dendrochronological collaboration between USMA (La Paz) and IANIGLA 
(Mendoza) continues and new collections of Polylepis tarapacana were made on Volcán 
Uturuncu, Volcán Chiguana and Volcán Caquella to extend tree-ring chronologies and develop 
new sites. A future target may be the investigation of archeological wood at some of these sites 
to both date human occupation periods (and cultural changes) and extend the living tree 
chronologies to possible millennial length. Some new chronologies of Polylepis pepei have also 
been developed. Initial water sampling at Caquella volcano has been carried out to examine 
water sources, amount and quality (i.e. its portability) that are important for local water supplies. 
More detailed studies of this topic are planned for next year. 
In the Cordillera Oriental investigations of glaciology and hydrology of the glacierized 
catchments of Tuni-Condoriri, Huayna Potosí and Mururata continue as these basins are crucial 
for water supply and hydropower generation for the cities of El Alto and La Paz. Major strides 
have been made in developing digital terrain maps of stream drainage basins, present-day and 
past glacier extent from aerial photographs. These maps are a vital step in determining the 
controls of streamflow and as input to hydrological models of streamflow. Monitoring of glacier 
and hydrological changes continues and successful modeling of 5 years of daily streamflow 
outflows has been achieved for four small watersheds (Condoriri, Tuni, Chojlla and Cacapi 
(Takesi - Mururata)). These simulations together with detailed photogrammetric mapping of 
changing ice cover and glaciological modeling may allow identification of the relative 
importance of various sources of streamflow (glacier and snow melt, groundwater and 
precipitation) and enhance and improve the capability to model and predict future flows under a 
variety of scenarios. These new simulations will serve to develop a water resources management 
model for the cities of La Paz and El Alto. 
Modeling studies using PRECIS software by Rocío Urrutia (See Section 5.3) compare 
1961-90 climate conditions with modeled 2071-2100 output (based on the IPCC-SRES scenarios 
A2 and B2) for the tropical Andes. The results show greater warming at higher elevations (up to 
7˚C in the Cordillera Blanca in Peru) and more pronounced warming on the eastern than western 
slopes of the cordillera. Precipitation results were mixed, though a decrease in relative humidity 
is modeled for most of the highlands by 2100. The modeled changes in atmospheric circulation 
suggest decreases in precipitation would negatively impact glacier mass balance and be a serious 
threat to the survival of many tropical glaciers in the Andes Cordillera. 
 
Southern South America  
During 2007-2008 period there has been significant progress in the development of tree-
ring chronology networks of several tree species in temperate, Mediterranean and semi-arid 
environments of southern South America (Fitzroya cupressoides, Araucaria araucana, 
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Austrocedrus chilensis, Pilgerodendron uviferum, Nothofagus pumilio, Nothofagus betuloides, 
Prosopis ferox and Juglans australis). This has improved the spatial coverage, density and the 
length of some tree-ring chronologies and these networks provide the basic framework for 
reconstructions of precipitation, streamflow and other climate proxies across this region. These 
data and resulting reconstructions are particularly relevant to the activities of IAI-SGP-HDs 3 
and 4 who are examining the economic, social and administrative impacts of hydrological 
variability across this region. For example the new reconstruction of late-spring early-summer 
PDSI since AD 1346 in the Mediterranean- semi-arid transition zone of Chile is particularly 
significant for these studies, as is the recently completed 450-year-long reconstruction of annual 
streamflow of the Maule River (35°- 37° S) in Chile. Recent reconstructions have also been 
developed for precipitation in southern Chile by Aravena. Using a combination of chronologies 
from across the Andes, Masiokas has developed a 520-year reconstructed proxy glacier mass 
balance record (see section 7.3) that is a significant contribution to understanding glacier history 
and low frequency climate variability in this region. All these studies also examine the 
relationships between hydroclimatic variability of southern South America and hemispheric 
atmosphere-ocean circulation systems that are critical to understanding long term climate 
variability.  
These new chronologies can also provide some interesting ecological insights and 
opportunities. The recent collection of Nothofagus betuloides chronologies in Chilean Tierra del 
Fuego indicates that the non-climatic 7-year cycle that dominates many Nothofagus pumilo 
chronologies south of 54° S is not present in N. betuloides records. Therefore these N. betuloides 
chronologies offer potentially climate-sensitive tree-ring records for southernmost South 
America (54° – 56°S) and help clarify the possible causes of the 7-year cycle in N. pumilo 
(generally thought to be due to periodic insect infestations).  
The extension of dendrochronological studies into lowland sites in tropical Bolivia and 
subtropical northwestern Argentina are particularly significant. Some of these species e.g.  
Centrolobium microchaete in Bolivia and Schinopsis lorentzii in  Argentina plus a variety of 
shrubby species in Patagonia are new to dendrochronology and open possibilities for a wide 
variety of ecological and dendroclimate studies. Ring width records from Schinopsis lorentzii in 
the Chaco of NW Argentina are precipitation-sensitive and show that recent (since 1970) 
increases in precipitation in this region are unusual compared with the last 180 years. This has 
profound implications for continued agricultural activity in this region, given this new record of 
past climatic variability. In Patagonia recent studies at IANIGLA have shown that annual 
variations of growth in the shrubby species are related to changes in vegetation productivity. 
Significant positive relationships were found between growth of Anarthrophyllum rigidum at 16 
sites and summer Normalized Difference Vegetation Index (NDVI) values determined from 
satellite imagery. If tree rings can provide an estimate of NDVI, they can be used to evaluate 
natural oscillations in ecosystem productivity, which is valuable information for the management 
and conservation of grassland used to feed livestock.  
In 2007-8 the main hydrological focus in Argentina was the compilation of historical data 
bases from archival sources on major floods, stream channel and streamflow changes during the 
17th-19th centuries on the Rio Bermejo, San Juan and Mendoza. In Chile, hydrological studies 
have focused on the spatial and temporal streamflow variability at yearly and decadal scales 
based on the instrumental record available for the past 50 years.  Developing appropriate 
databases from instrumental records involves detailed evaluation, testing and, in some cases, 
adjusting and filling gaps in these sparse and often short series. In some special cases techniques 
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have to be developed to reconstruct natural flow records from non-standard data e.g. water 
diversions for irrigation.  Analysis of daily flow records (1960-2003) from rivers with significant 
(average 25%) snowmelt inputs draining the western slope of the Andes between 32 and 39°S 
showed that almost half (18/40) had a  significant negative trend in center of mass1 (i.e. 
streamflow was coming earlier in the hydrological year). Results for the remaining rivers were 
not statistically significant though most (17/22) also had a negative trend. This behaviour 
suggests a modification in the contribution of snowpack to the annual discharge due to both 
earlier snowmelt and decreased accumulation during the winter season.  
Land–use effects on hydrology were also investigated in six watersheds of the Valdivian 
ecoregion with varying amounts of native forest or forest plantation cover. The annual runoff 
coefficient for both total and summer flows was significantly positively correlated with the 
percentage of native forest cover. A similar analysis comparing a thinned (35% cover removed) 
and a control watershed, both with second growth Nothofagus forest, showed greater water 
yields from the thinned watershed. Other experiments showed that trout density was correlated 
with streambank native forest cover. These pioneering results quantify some of the ecosystem 
services provided by native (vs. plantation) forests- ecosystem services that have considerable 
economic and social impact via water supply and recreational fishing The study also provides 
crucial information for policy and decision-making regarding native forests and can be used as a 
model for applications elsewhere to studies in forest conservation and sustainable management.  
During the last year glacier studies included augmenting the meteorological 
instrumentation of glaciers in the Southern Patagonian Icefield and the monitoring of glacier 
flow and mass balance at Glaciar Perito Moreno, including the formation and failure of the 2007 
ice dam. Studies in northern Patagonia have developed a climatic index, based on winter 
precipitation and summer temperature records, that mimics glacier mass balance relationships 
and shows a strong negative trend which agrees with the drastic glacier recession shown by the 
photographic and moraine records. Regionally-averaged mean annual streamflow records east of 
Andes provide an independent check of this climatic index and show a similar strong negative 
trend, demonstrating the existence of a strong, regionally coherent hydroclimatic signal across 
the region. A regional network of tree-ring chronologies has been used to develop a proxy for 
this index over the last 500 years that shows a general agreement with the known glacial history.  
The moraine systems in front of Frias, Torre, and Huemul and Heim Norte glaciers in Argentina 
were visited to improve existing or develop new chronologies of glacier fluctuations in the 
region. Lichenometric studies at several of these glaciers have developed growth curves for 
Rhizocarpon geographicum and Placopsis perrugosa  that can be used to date surfaces less than 
ca. 50 (Placopsis) and 300 years old (Rhizocarpon), demonstrating, for the first time, the 
potential utility of lichenometry to date Little Ice Age morainic systems in this region. 
Dendrochronological studies of the glacier history at these sites and the Mount San Lorenzo and 
Santa Inez Island areas in Chile are also reported in a series of papers and two recently 
completed doctoral theses. A general review of glacier fluctuations over the last two millennia in 
Argentina has been submitted to the proceedings of the LOTRED conference held in Mendoza in 
2006.  
Following Martín Silva’s participation at the training course in England during August 
2007, the PRECIS computer software for downscaling global climate models has now been 
installed at IANIGLA. This, together with Urrutia’s return to Valdivia from the USA, should 
                                                 
1 The center of mass is the date by which half the total annual discharge has occurred.   
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lead to the development of new downscaled climate scenarios for this region in the near future. 
The first PRECIS runs at IANIGLA are planned for the second part of 2008.  
The Brazilian component of the project is examining the relationships between Atlantic 
sea surface temperatures (SSTs), atmospheric circulation and precipitation patterns in South 
America during El Niño years. It may be interesting in the later part of the project to use PRECIS 
to examine some of the finer details of these relationships. 
 
North America  
Research in Mexico has focused on developing new climate-sensitive tree-ring 
chronologies in the Sierra Madre Occidental and the “Bajio” region in central Mexico. This 
includes the first studies of pinyon pines (Pinus pinceana, P. cembroides, and P. culminicola) 
and new chronologies for Taxodium mucronatum. These and previous chronologies have been 
used to develop reconstructions of precipitation and streamflows for several areas that provide 
insight into the interannual and multiannual hydroclimate variability of northeastern and central 
Mexico where most of human population, industry and irrigation areas are located.  
Principal Component Analysis of Douglas-fir chronologies that are sensitive to winter-
spring precipitation resulted in two regional chronologies for northeast Mexico. Differences 
between these chronologies (and other reconstructions) indicate that northern Mexico is a key 
area to study the historical behavior of ENSO which controls the amount of cool season 
precipitation in this region. In central Mexico the effects of the warm phase of ENSO on winter 
precipitation is weaker. These results suggest a dipole effect with higher impacts of ENSO in 
northern Mexico whereas areas in central and southern Mexico show lesser or no effects from 
ENSO variability.  
 Douglas-fir chronologies were used to produce a January-June precipitation 
reconstruction from 1700-2005 for southwestern Chihuahua. This chronology is the first to allow 
the analysis of water availability in watersheds that drain towards the important irrigation 
districts in the Pacific plains. It was also used to explore the relationships between precipitation 
and fire frequency, demonstrating that fire years coincided with dry years preceded by one or 
two years of wet conditions that were significantly associated with the warm phase of ENSO. 
Understanding these relationships between fire frequency and climate is of critical importance 
for ecosystem management, conservation and restoration. 
New chronologies have also been developed for low elevation sites in the Sierra Madre 
Oriental using pinyon pines (Pinus cembroides, Pinus pinceana, Pinus culminicola) that are 
highly precipitation sensitive. These includes a 410 year long P.cemroides chronology from 
Saltillo, Coahuila that is sensitive to January-July precipitation and a regional  Pinus pinceana 
chronology (1800-2005) for northeastern Mexico from sites in northern Coahuila to Querétaro. 
Two Taxodium mucronatum ring width chronologies have been used to develop a January-May 
precipitation reconstruction from 1770-2007 in the central-southern part of Guanajuato. 
Examination of the relationships between cypress ringwidths and stream gauge data are also 
being undertaken in order to develop streamflow reconstructions in central Mexico.  
As part of the study of hydrologic resources detailed studies of land-use change for 
specific aquifers in the Sierra Madre Occidental (Villa Juárez, Durango) and Central Mexico 
(Valle de León, Guanajuato) have been developed during the last year. The land use-changes 
have an accelerated impact on water resources, decreasing water quality and contribute to 
degradation of soil and vegetation. For example, detailed studies in the Villa de Juarez zone of 
Durango State show that a significant increase in agricultural activities was associated with 
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greater water demand and impacts on subsurface water quality by nitrate pollution from 
increasing numbers of livestock. This study provides a model for similar investigations in other 
regions as part of the CRN2047 project and complements work on the effects of land use 
changes in forested catchments in Chile.  
As previously, CRN funds in Canada have mainly been used to support graduate students 
or researchers working in Chile and Argentina. These results are reported above. The limited 
tree-ring and glacier related studies are reviewed in Sections 7 and 8.  
 
1.4. Contributions of Co-PIs 
In January 2008 Dr Matthias Vuille took up a new academic appointment at the 
Department of Earth and Atmospheric Sciences at SUNY in Albany, New York but continues to 
work with the project. Other CoPIs remain actively involved to various degrees as indicated in 
the individual reports that follow. 
 
1.5. Publications  
Publications from individual CoPIs and their colleagues/students are listed in Sections 3-
10 of this report and a complete listing is given in Section 11. In summary, over the 2007-2008 
interval, CRN members have published 24 papers in refereed journals with an additional 18 
submitted or in press. They have contributed ten book chapters and several reports. There has 
also been active dissemination of this research with over 80 conference or meeting abstracts, 
including those at the ASM in 2008 and Ameridendro. Individual authors have been requested to 
send copies of their materials to IAI and digital versions of some papers accompany this report. 
Three doctoral and two master’s theses have been successfully defended based on work 
supported by IAI CRN03 and CRN 2047. 
 
1.6. Data 
Work continues on the assembly of a variety of databases of climatic, hydrologic and 
dendrochronological parameters for different components of the project. These are currently 
retained by individual researchers or institutions and may be available on request. Data 
availability and archiving were discussed at the ASM in April, 2008 following recommendations 
coming from the IAI technical workshop on data management held in Panama City in February 
(See section 2.3). The dominant view of the group was that the data are best archived in existing, 
quality controlled international or national repositories or archives (e.g. ITRDB, WGMS or 
WMO) where experienced specialists manage data which been checked for quality control and 
where the data are likely to remain accessible for long periods of time. This does not limit data 
exchange between IAI projects but we prefer that individuals or institutions should respond to 
specific inquiries and investigators should be aware of how and by whom their data are used.  
 
1.7. Capacity Building 
 
1.7a Outreach   
There are difficulties in defining outreach precisely as there are potential overlaps with 
media coverage and networking activities. Most groups involved in the CRN routinely host local 
student groups and make presentations within their local communities to promote interest in the 
environmental sciences and studies of global change. Several are involved in lectures to public 
fora and professional organisations about climate change, conservation, water issues and IAI 
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activities and these are listed in the individual reports. Luckman, as PI, has presented overviews 
of CRN activities to international meetings on Biodiversity, Environmental Change in Mountains 
(CIRMOUNT) and, at IAI’s request, made a short presentation on “Developing 
Interdisciplinarity in IAI Science” at the SBSTA event of the UNFCC meeting in April 2008.  
One interesting innovation is the development of a series of wood exhibits by Mexican 
colleagues that are taken and displayed at meetings. The group in Chile has recently added a 
journalist to its ranks who is developing interesting and innovative ways to “get the message 
across” including, inter alia, developing the CRN web site.  
 Two items merit particular attention. In Bolivia CRN CoPIs organized the first National 
Workshop on Climatic Change Investigations. This was held at the Bolivian National Science 
Academy in La Paz during August 2007 and brought together researchers from universities in La 
Paz, Cochabamba and Santa Cruz plus scientists and individuals from the Ministry of Water, 
Ministry of Environment, SENAMHI, ASANNA, the National Academy of Sciences and NGOs. 
In Canada, David Sauchyn organised a meeting of over 70 scientists, water managers and 
practitioners in Canmore, Alberta from March 16-18, 2008 to present information on the state-
of-the-art of paleohydrology in western Canada and to examine how paleoenvironmental data 
might be incorporated into current science-based water management and planning in Alberta, 
Saskatchewan and Manitoba. Following overview presentations of tree-ring work and 
applications by Sauchyn, Luckman, Scott St. George and Connie Woodhouse, breakout groups 
with a mixture of backgrounds discussed the potential uses of proxy data and climate models in 
water management and the specification of the types of data that were useful to them. Some of 
the recommendations arising from these discussions were presented at the CRN ASM in San 
Carlos and at Ameridendro (see sections 7.7a and 8.3).  
 
1.7b Students trained & scholarships  
 The training of researchers is a central goal of this project and all CoPIs and their 
institutions are involved to varying extents in training and capacity building.  Financial support 
to researchers/ students may be in the form of salaries, funding to cover field or laboratory 
expenses or to attend specialized courses. Details of the salaries awarded to students are given in 
the Financial Report. Aggregated data are briefly reported in this section with more details in the 
individual reports. 
 In addition to more conventional training activities we see the participation of students 
and junior researchers at conferences as  an important dimension of training as it exposes them to 
a wide range of new ideas, information and individuals as well as allowing interaction with a 
diverse group of their peers and more senior researchers. In this regard there was extensive 
participation of Chilean and Argentinean students/junior colleagues at the Annual Science 
meeting in San Carlos in April 2008. We were also able to secure additional funds ($10,000 US) 
from IAI which, together with CRN funds, were used to defray the travel and registration costs 
12 junior colleagues (5 Argentineans, 5 Chileans, a Bolivian and a Mexican) to Ameridendro, the 
First American Dendrochronology Conference, held in Vancouver in June 2008. 
Table 1.1. provides an approximate quantitative summary of training activities associated 
with the CRN. Students are grouped by degree programme based on the technical reports 
(below) and other information available to the author. The IAI contribution to funding these 
students varies considerably: details are given in the individual technical reports and in the 
financial reports submitted independently to IAI. The three doctoral students at UMSA are 
enrolled in European degree programmes but work with the CRN on research projects. 
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Individuals classed as “other” are various research assistants, post doctoral fellows, etc that 
received training or funds to support their research but are not involved directly in degree 
programmes.  
Several courses have been given by members of the CRN over the reporting period. The 
second Mexican Dendroecological Field course was given in Gomez Palacio, Durango from July 
23-28th. 2007 and was attended by 16 participants from different educational and research 
institutions in Mexico. From December 4-12th., 2007 16 graduate students from IANIGLA, 
IADIZA and local universities attended the course on “Techniques on wood anatomy with 
emphasis on tree-ring identification” at IANIGLA in Mendoza.  
 
Institution students other 
UG MSC PHD courses meetings
Argentina 4 5 4 15
Bolivia USMA 3 3*
Bolivia U.Mass 1
Brazil 1
Canada Regina 2 1 1
Canada UW0 2 3 1
Chile 3 3 2 3
Mexico 2 3 16
CRN Group funds 19 16  
 
Table 1.1. Summary of training activities (* = see text). 
 
 
The 4th South American Dendroecological fieldweek was held at Puerto Blest, Argentina 
from 13-20th. January, 2008 (see Section 2.7b). The 19 students attending came from Argentina 
(7), Chile (6), Brazil (3), Bolivia, Colombia and Australia with instructors from Argentina (2), 
Canada, Chile and the USA.  Three Chilean and a Bolivian student also attended the 18th Annual 
North American Fieldweek that was held from June 13-21 in conjunction with the Ameridendro 
Conference in British Columbia (see section 2.3).  
Travel funds were also provided to two Chilean students to attend short workshops in 
Switzerland and France related to their research and to a doctoral student to take up a work 
internship for a month at the Tree-ring Laboratory in Fayetteville Arkansas. Andrés Ramírez of 
the Universidad Nacional de Colombia was also awarded special funds to offset his travel costs 
to the Fieldweek in Puerto Blest in January, 2008 (for details see section 2.3). 
 
1.7c Institutional Capacity Building  
In addition to minor changes and improvements in facilities at many labs there have been 
two significant enhancements in institutional capacity. The Instituto Silvicultura at Universidad 
Austral de Chile in Valdivia has moved into a new Tree-Ring Laboratory in its new building. 
Also Dr JuanCarlos Aravena and colleagues at CEQUA in Punta Arenas have created a new 
Paleoecology laboratory focusing on dendrochronology and palynological investigations. Both of 
these laboratories were developed independently of IAI funding but they clearly enhance the 
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capacity and capability of these research groups to continue and expand CRN research 
initiatives.   
 
1.8. Regional Collaboration/Networking  
 All CRN PIs and most PIs (or designates) from the new IAI-SGP-HD projects met at the 
IAI PIs meeting in Panama City in February 2008. This afforded opportunities to discuss 
common problems with other research groups and the IAI Directorate plus develop relationships 
with other CRNs and HD groups within IAI. Although there had been considerable previous e-
mail correspondence, this meeting was the first opportunity for Luckman to meet with Francisco 
Meza (IAI-SGP-HD3) and Polo Diaz (IAI-_SGP-HD4) and discuss collaboration with their 
projects. James McPhee and Pepe Boninsegna had earlier attended planning meetings of these 
two groups in Santiago and Dr Carmen Montana of HD4 was able to participate in the CRN 
ASM in April. Although discussions have occurred about collaboration with both of these new 
projects it has not yet been possible to arrange meetings between those CoPIs of the projects who 
would benefit most from collaboration- a deficit that we hope can be remedied in the near future 
as the time for effective collaboration is short given the different durations of the projects. 
Further details of issues discussed at the Panama meeting and with IAI-SGP-HD groups are 
given in Section 2.3. At the Panama meeting IAI requested that CRNs and HDs prepare short 
profiles of individual researchers for circulation and publicity purposes. Draft profiles of two 
Chilean scientists have been developed, are currently under revision and will be sent to IAI at a 
later date. Similarly, in response to IAI’s request for photographs, better resolution copies of the 
images used in this report can be supplied on request to Luckman.  
Twelve young scientists were supported by IAI and the CRN to attend the international 
tree-ring conference (Ameridendro) in Vancouver, British Columbia in June, 2008. Three CoPIs 
also attended. This meeting was an excellent opportunity for these young scientists to interact 
and develop collaborations with their peers in other countries and more senior scientists in their 
field. A full list of presentations is given in Section 2.3, below.   
Dr Ricardo Villalba participated in the organization of a course on  Paleoecology at the 
Third Binational (Argentina-Chile) Ecological Conference  held in La Serena, Chile, in 
November 2007. This symposium was supported by PAGES and Dr. Villalba continues in his 
position on the Scientic Steering Committee of PAGES. He also is co-editing with Thorsten 
Kiefer of PAGES and Martin Grosjean (U. Bern) a special issue of the Journal Palaeogeography, 
Palaeoclimatology, Paleoecology (Elsevier) that will review the state of current knowledge of 
high-resolution proxy climate records across South America for the last 2000 years. This volume 
arises from the meeting held in Malargüe, Mendoza  in October, 2006. 
As the stature of the INIFAP laboratory grows there is an increasing collaboration  with a 
wide range of local planning  and water management  agencies with respect to studies of land use 
change, hydrology, climate change and water management. In Mexico collaboration continues 
with Dr. Rodolfo Acuna-Soto from the Institute of Medicine on the analysis of the historical 
impacts of climate on human diseases and there are increased links with Dr. Eladio Cornejo-
Oviedo from the UAAAN, Saltillo, Coahuila. There is also a widening circle of international 
collaborative ventures including with Dr. Georgina Endfield from the University of Nottingham, 
England to analyze the socioeconomic impact of historical droughts in northern Mexico; Dr. 
Peter Fulé (Northern Arizona University)  on the interactions of climate, fire, and forest structure 
in northern Mexico and Dr Connie Woodhouse from the University of Arizona on a 
reconstruction of streamflow for the Conchos river, one of the main tributaries of the Río Grande 
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shared by the United States and Mexico. The strong linkage with Dr Stahle’s laboratory in 
Fayetteville continues with new funding for work in Mexico to Stahle from NSF.  
 
1.9. Media Coverage and Prizes 
There has been a wide range in media coverage in local, regional and the national press in 
Argentina, Chile, Mexico and Canada and many examples are listed in the individual reports that 
follow. At the Puerto Blest Fieldweek Villalba and several students were filmed and interviewed 
by a team from Reuters and a subsequent brief article and video appeared on the Reuters web site 
(see section 3. 9). Based on the photographic material collected on fieldwork in February 2008, 
Greenpeace prepared a special campaign on the Impact of Climate Change on Patagonian 
Glaciers and, at Greenpeace’s invitation, Ricardo Villalba revisited the glacier in March. Paired 
photographs of the glacier in December 1930 and from the trip in March 2008 were subsequently 
published in most Argentinean newspapers and in some Latin American countries. A Greenpeace 
video, recorded during the visit in March, was released few days later and widely distributed to 
news companies worldwide. In the Chilean Press there has been extensive coverage of the Rio 
Puelo streamflow reconstruction and its implications, plus the new Chilean forest law. In his 
position as Director of PARC Dr Sauchyn has appeared on National TV and radio in Canada and 
is frequently consulted and cited as the expert on Prairie Drought (see Sections 8.7 and 8.9).   
 
Awards 
As one of the lead authors of Chapter 6 in the first volume of IPCC’s Fourth Assessment 
Report (AR4), Dr Villalba is a co-recipient of the Nobel Peace Prize jointly awarded to IPCC 
and Al Gore. This contribution has also been recognized by awards from several regional and 
local agencies in Mendoza Province.  
In June 2008 Luckman was awarded the first “Harold C. Fritts Award” for Lifetime 
Achievement in Dendrochronology presented by the Tree-Ring Society at the AmeriDendro 
Conference at the University of British Columbia, Vancouver. At the same event Dr Jose 
Villanueva-Diaz received the “Jose A. Boninsegna Frontiers in Dendrochronology Award” for 
his significant contribution to cutting-edge science in dendrochronology, including the bridging 
of geographic, research, or methodological frontiers. Both of these awards in large measure 
recognize activities undertaken with the support and funding from IAI. Details of the citations 
are given in section 2.9 
 
1.10. Policy Relevance  
Water is a critical issue throughout all the countries represented in the CRN and much of 
the data we provide can, will and is being used to develop or influence policy. At this early stage 
of the project the degree of engagement with practitioners and policy makers varies throughout 
the project (see individual reports) although there are already some significant examples.  
In Argentina Boninsegna, Leiva, Llop and Villalba have played important roles in the 
establishment and implementation of the management-oriented-policies of the Climate Change 
Agency (Agencia de Cambio Climático) in Mendoza Province. This Agency was created by the 
Governor to provide advice to the State Government on Climate Change issues. José Boninsegna 
is the IANIGLA representative to the Advisory Committee of this Agency. Boninsegna, Leiva 
and Villalba have also been very active in providing technical support for a new Law on Glacier 
Protection in Argentina. The Law is intended to limit activities that could affect glaciers as 
source of water. Ricardo Villalba gave a presentation to the Environment Commission of the 
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National Senate in Buenos Aires, Argentina on July 3rd., 2008, describing the role of glaciers as 
sources of water, energy and tourism in different regions across the Andes. The Glacier Law has 
been approved by Congress and presently being considered by the Argentinean Senate. 
Dr. Lara and colleagues have actively participated in the formulation of legislation 
governing environmental regulation for the native forests in Chile. The short Native Forest Law 
was approved by the Chilean Parliament on December 18th 2007 and results in part from the 
conference and resulting book entitled “Componentes científicos clave para una política 
nacional sobre usos, servicios y conservación de los bosques nativos chilenos” (Lara et al., 
2003) This law was developed through consultation with academics, environmentalists, large and 
small forestry companies and many public and private organizations. Dr Lara worked on and 
helped coordinate the Scientific Advisory Committee over a 15 year period and attended the 
formal signing of the law by President Michelle Bachelet on July 11th, 2008.  
  In Bolivia the recent hydrological and glaciological studies are forceful stimuli for policy 
development and emphasize the immediate need for adaption strategies. Documentation of the 
changing hydrological regime of glacier fed streams is providing a vital and necessary input to 
the planning of water resources in the Bolivian Altiplano that supply La Paz and el Alto and also 
provide power generation in this region.  
 In Canada, the mandate of the Prairie Adaptation Research Collaborative at Regina in 
Canada is to inform decision makers about climate change and therefore the results of the 
ongoing tree-ring research at Regina and elsewhere are incorporated in presentations to decision 
makers and often form part of invited expert testimony to policy makers such as provincial and 
federal politicians. Dr Sauchyn was recently lead author of the chapter on the Prairies in a major 
Canadian Government report on addressing the climate change issue entitled “From Impacts to 
Adaptation: Canada in a Changing Climate 2007”.  
 INIFAP in Mexico have formed a research group to develop collaborative projects in 
ecological services at the national level dealing with water yield, historic hydroclimate 
variability, carbon sequestration, location of ancient trees, and other important ecological 
information. Although few results are available from this group to date, all of these studies have 
important policy implications and will hopefully provide significant inputs to policy 
development. 
 
1.11/1.12.  Main Conclusions and Work Plan for Next Year 
  This is a complex, multi-facetted project. Many of the studies to date involve 
documenting and understanding the complexities of regional hydrologic systems in order to 
develop better scenarios of climate change impacts and provide the tools to inform adaptation 
strategies that could minimize the potential impacts of future changes.  These studies continue at 
varying pace across the project. Significant progress has been made in looking at changing 
hydrological regimes in Argentina (last year), Chile and Bolivia and appropriate data bases are 
being developed in Mexico and Canada. Individual targets for next year’s activity are given in 
the various reports that follow and are too numerous to be listed in detail here. New tree ring 
collections are planned for the Bolivian Altiplano, the tropical and subtropical lowlands in 
Cerrado Boliviano and northwestern Argentina, and in Aysén and Magallanes (43°-56°S) in 
Chile. In Mexico new collections will target expanding the network of tree-ring chronologies 
sensitive to summer precipitation and in all regions there will be a focus on development of 
longer chronologies. These collections and previous work will be used to increase the network of 
drought-sensitive precipitation reconstructions and provide new streamflow reconstructions in 
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Chile, Argentina and Mexico to evaluate long term hydroclimate variability. In Argentina and 
Mexico this will be supplemented by reconstruction of past extreme events from documentary 
archives. Hydrologic and glaciological monitoring will continue in Bolivia and Argentina and 
analysis and modeling of hydrological regime changes will continue in Canada, Chile, Argentine 
and Bolivia.  Studies on the effects of land-use on hydrology are being carried out in Mexico and 
Chile and studies of glacier change are planned for all study regions except Mexico. 2008-9 will 
also see the first downscaled regional Global Climate Change scenarios for southern South 
American based on runs of the PRECIS software in Argentina and Chile.  
A major priority for the immediate future is to organise small meetings with the new IAI-
SGP-HD projects to facilitate and encourage collaboration, exchange of data and effective 
communications between CoPIs (rather than PIs) in these projects. We also plan to hold a small 
or virtual meeting of regional CRN coordinators, probably in February or March 2009 to 
evaluate progress at the mid-point of the project and plan future synthesis activities, including 
possibly a major conference for year 5 of the project. In 2008 we will also be involved in two 
major meetings, the Joint IAI-NCAR Advanced Study Program (ASP) Colloquium “Seasonality 
and Water Resources in the Western Hemisphere” from the 6–17th., October, 2008, at IANIGLA 
in Mendoza and the Fourth EGU Alexander von Humboldt International Conference “The 
Andes: Challenge for Geosciences” to be held in Santiago, November 24-28th., 2008. As in 
previous years all groups will continue with training activities for students and young 
researchers, outreach activities, partial funding for graduate students, and dissemination of 
information via publication and to appropriate users/decision makers for its potential application 
in the planning of water resources. We also expect to have a web site up and running shortly. 
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2.1. Project Title, Project Number, Principal Investigator, Key Words  
 
Project Title: Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
Project Number: CRN 2047 
Principal Investigator: Dr. Brian H. Luckman 
CoPIs: Patricio Aceituno, Juan Carlos Aravena, Jaime Argollo, Jose A. Boninsegna, Edmo 
Campos,  Mike Dettinger, Juan Estrada-Avalos,  Bernard Francou, Antonio Lara, Juan 
Carlos Leiva, Armando Llop, James McPhee,  Maria R. Prieto, Edson Ramirez, David 
Sauchyn, Dan Shrubsole, Pedro Skvarca, David Stahle, Ricardo Villalba, Jose Villanueva-
Diaz, Matthias Vuille and Emma Watson  
 
Key Words: Tree-ring chronologies, streamflow, precipitation reconstruction, droughts, glacier 
change, mass balance, water supplies and management, land-use change. 
 
Reporting on most of the Items 2-6 and 9-11 is given in the reports from the regional 
groups that follow this section. However, there are several activities pertaining and involving the 
CRN as a whole rather than its individual components. These are reported in more detail here 
rather than in the subsequent reports. These group activities generally come under the heading of 
Capacity Building and Outreach (reporting items 7 and 8) and will be reported as such.  
  
2.3. Research Activities and Findings 
A major CRN research activity in the last year was the second Science Meeting that was 
held in San Carlos, Mendoza Province, Argentina between March 31st and April 3rd, 2008. The 
total attendance varied day by day with the total number about 35 people. Thirteen CoPIs 
attended plus Dr. Carmen Montana from IAI-SGP-HD 4 who outlined their activities and 
participated in a discussion at the meeting about collaboration between IAI-SGP-HD 4 and 
CRN2047 (see 2.7b, below).   
At the meeting Francisco Morey, a journalist working with the Chilean group, presented 
a thought-provoking paper that raised many issues relating to communication of research results 
e.g. where should we position ourselves and our science on the spectrum from social activists to 
webmasters; how can we be creative and original in finding ways to communicate our research. 
Together with Natalia Carrasco’s presentation that, inter alia, also highlighted outreach activities, 
this paper stimulated considerable discussion on many of the communication issues that were 
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discussed at the Panama PIs meeting six weeks earlier. Following this discussion it was agreed 
that Francisco would work on developing the web site for the CRN over the next few months. 
In the same session Luckman summarized and presented recommendations from the 
meeting in Canmore, Alberta that he had attended in mid-March (see Sections 7.7a and 8.3).   
This meeting, organised by Dr Sauchyn (who unfortunately could not attend the ASM) brought 
together paleoscientists, government scientists, administrators, engineers and water managers to 
discuss problems of integrating paleodata into water resources management and planning.  The 
spirited discussions and cross-cutting sessions helped to resolve some of the language difficulties 
involved in communicating across disciplines and allowed each group to recognise the 
differences in available data and data needs that they bring to these discussions. The meeting 
followed the model of a similar event held in Valdivia in 2007 and earlier workshops held by 
Connie Woodhouse in Colorado. Dr Woodhouse was one of the keynote speakers and together 
with other speakers from water management agencies in Arizona and Colorado provided some 
useful ideas about ways of presenting the paleodata in formats that water managers could find 
useful. 
Martin Silva from IANIGLA had attended the IAI Training Workshop for data managers 
in Panama City in February and presented the recommendations from that meeting to the CRN 
for discussion with respect to data accessibility, quality control and data formats. The basic view 
expressed was that the range of potential data is so great and the idiosyncrasies and 
characteristics of the data sets so variable that a multitude of data formats would be necessary. 
The group generally felt (similar to may other scientists) that the data sets that they develop 
require special knowledge and understanding and cannot simply be “pulled off the shelf” by non-
specialists who might use them in applications for which they were neither suited nor intended. 
There are also real problems of free access to data where different agencies and individuals place 
different restrictions or protocols on the data usage, resulting in severe problems in accessibility. 
The dominant view of the group was that the data are best archived in existing, quality controlled 
international or national repositories or archives (e.g. ITRDB, WGMS or WMO) where 
experienced specialists manage the data which been checked for quality control and the data are 
likely to remain accessible for long periods of time. There is also the serious problem that to 
develop a useful databank, data formats and information should ideally be determined prior to 
collection rather than being superimposed after they have been collected.  
 Several officials of the town and department of San Carlos attended parts of the meeting 
and the mayor presented Dr Villalba with a plaque recognizing his activities with IPCC and on 
other environmental matters. In addition, several members of the Department’s environmental 
office accompanied the field trip following the meeting and entered into discussions with 
participants on environmental issues relating to present and future water supply and water quality 
in the area.   
 
Presentations at the ASM in San Carlos, April 1-2, 2008 
 
KEY: CoPI  Student  Presenter  
 
J. A. Boninsegna, R. Villalba, M. Nuñez and S. Delgado The impact of climate change on Cuyo 
Rivers 
 
A. Lara, R. Villalba and R. Urrutia Streamflow reconstruction of Puelo River since 1599 
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María del Rosario Prieto Reconstructing hydroclimatic variability in the high and middle basin 
of the Bermejo River (Subtropical Andes of Argentina-Bolivia) during the 18th, 19th and 20th 
centuries 
 
G. Cortes, X. Vargas and J. McPhee  Variations in streamflow timing in the Western Slope of 
the Southern Andes Cordillera during the 1961-2006 period 
 
J. Estrada Avalos, J. Villanueva Díaz and I.S. Cohen Land-use change in Villa Juarez, 
Durango, Mexico and its impact on surface and subsurface water resources 
 
J. Villanueva-Diaz, J.Cerano-Paredes, D. W. Stahle, J. Estrada-Avalos and B. H. Luckman 
Hydroclimatic response of Douglas-fir (Pseudotsuga menziesii) chronologies for northern 
Mexico 
 
D. Christie, J. Boninsegna, M. Cleaveland, A. Lara, M. Morales, D. W. Stahle and  R. 
Villalba Drought variability in the temperate-Mediterranean transition of the Andes since AD 
1346 reconstructed by tree-rings 
 
M.S. Morales, C. Solíz, R. Villalba, J. Argollo, D.A. Christie, J. Pacajes and J.  Moya  
Spatio-temporal variations of growth of Polylepis tarapacana and climate across the Bolivian 
Altiplano (17-23°S) in the 20th century 
 
M.E. Ferrero and R. Villalba Potential of Schinopsis quebracho-colorado for 
dendrochronological studies in Chaquean region of Northwestern Argentina. 
 
A. M. Srur, R. Villalba and G. Baldi Variations in NDVI and radial growth of Anarthrophyllum 
rigidum in the shrubby steppes of Patagonia, Argentina. 
 
B. H. Luckman, S. Earles, D. Morimoto, E. Watson and M. Kenigsberg 
Dendroclimate, dendrohydrology and glacier studies in the Canadian Cordillera 
 
R. Villalba, J.A. Boninsegna, A. Lara, E. Cook, M. Masiokas, J.C. Aravena and R. Urrutia A 
dendrochronological approach to estimate past changes in the Antarctic Oscillation 
 
J.C. Aravena Multi-criteria dating approach to study Late-Holocene glacier fluctuations in the 
Andes of southern Chile 
 
J.C. Leiva, G. A. Cabrera, A. Casteller, E. Corvalán and V. L. Novello. The small glaciers of 
Mendoza and San Juan Provinces and Global Change 
 
Masiokas, M.H.; Luckman, B.H.; Villalba, R.; Delgado, S.; Skvarca, P. and Ripalta, A. 
Integrating dendrochronology and the analysis of satellite images to estimate recent fluctuations 
of small glaciers in the south Patagonian Andes of Argentina 
 
E. Ramirez Glaciers, climate and their relation to water supply in Bolivia  
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D.W. Stahle, E.R. Cook, J. Villanueva Diaz, F.K. Fye and D.J. Burnette.  Drought in Mexico: 
1994-2005 
 
B.H. Luckman, E. Montana, J.A. Boninsegna and J. McPhee. Links with IAI SGP-HD. Panel 
discussion, presentation on IAI_SGP_HD 3 by E. Montana. 
 
Natalia Carrasco Farias Project CRN 2047 in Chile: progress and projections 
 
Francisco Morey and A. Lara Policy based science: Whose challenge? 
 
R. Urrutia and M. Vuille Assessment of 21st century climate change projections in tropical 
South America and the tropical Andes 
 
M. Silva Data management issues in the CRN  
 
B. H. Luckman What do water managers need from proxy data? – some lessons from the 
Canmore Meeting 
 
A. Llop Progress in understanding the socio-economic impacts of climate change: The case of 
west-central Argentinean Basins  
 
The abstract Volume is available on request. 
 
 
Ameridendro, Vancouver, British Columbia, June 23-27
th
, 2008  
International tree-ring conferences have been held for approximately 30 years, usually on 
a four year cycle (the last one was in Beijing in 2006) and there have been Eurodendro meetings 
every 1-2 years for at least the last decade. The Tree-Ring Society, in conjunction with 
CANDENDRO organised the first American Dendrochronology conference (Ameridendro) that 
was held at the University of British Columbia in June 2008. This meeting brought together 
academics, scientists, students, and managers from across the Americas who were interested in 
tree-ring research and its applications across a wide range of sciences. The 120 people who 
attended the conference were mainly from the Americas with a small number of European 
scientists.  
With the help of additional funds from IAI, the CRN provided travel funds to support 12 
young South American scientists to AmeriDendro. These were Alejandro Casteller,  M. Eugenia 
Ferrero, Maria Alejandra Giantomasi, Lidio López Callejas1, Mariano S. Morales  from 
IANIGLA, Argentina;  María Laura  Suarez from Universidad Nacional del Comahue, 
Argentina;  Jonathan Barichivitch2, Francisco Morey , Maria Paz Peña and Juan M Quezada 
from U. Austral de Chile, Valdivia; Claudia A. Mansilla from U. Magallanes, Punta Arenas, 
Chile;  and Julian Cerano-Paredes from INIFAP, Durango, Mexico. These bright, enthusiastic 
students made a significant impact at the conference, particularly in the poster presentations. 
Four of them (Lopez, Mansilla,  Pas Peña  and Suarez)  also attended the 18th Annual North 
                                                 
1 Lidio Lopez is from Bolivia 
2 Jonathan traveled to Vancouver with the group from David Sauchyn’s lab at the University of Regina.  
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American  Fieldweek that was held at Apex Mountain in Central British Columbia the week 
prior to the conference from June 13-21. This meeting provided most of them with their first 
experience of a major international conference, developed a cohesive bonding of these students 
and allowed them also to make many new contacts. Three CoPis were present at the meeting and 
contributed two of the Keynote addresses. A full list of presentations is given below.   
 
AmeriDendro Participation by CRN2047 members 
 
Keynote Addresses  
 
Ricardo Villalba. Progress and challenges of tree-ring research in South America at the time of 
the AmeriDendro 2008 
Brian Luckman. Dendrochronology across the Americas- An Interhemispheric Perspective. 
 
Submitted Papers  
 
Jonathan Barichivich*, D. Sauchyn. A.Lara, A. Maldonado , R,. Garreau, D.Christie and 
C.LeQuesne Tree Rings in the Semiarid Region of Chile at the Southern Margin of the Atacama 
Desert: Application to Paleoclimatology and Ecology 
Alejandro Casteller*. M. Christen, R.Villlalba, H. Martinez, V. Stöckli, JC Lieva and P.Bartelt  
Validation of Avalanche numerical Simulations using  Dendrochronology in the Patagonian 
Andes. 
Francisco Morey*, Antonio Lara, Policy Based science: Whose Challenge? 
David Sauchyn and S.St.George.  Advancing the Application of Dendrohydrology to Water 
Resource Management in Western Canada 
 
Posters  
 
Julian Cerano-Paredes*, J. Villanueva-Díaz, P.Z.Fulé, and B. H. Luckman Fire-Climate 
Linkages for southwestern Chihuahua, Mexico 
M. Eugenia Ferrero*, N. I. Gasparri and R. Villalba Climate Change, Forests and agriculture 
Sustainability in Northwestern Argentina: A Dendroecological perspective.  
Lidio López Callejas** R. Villalba and M Peña Diameter-Growth  Patterns of Centrolobium 
microchaete in Relation to Climate in Tropical Regions of Bolivia   
Maria Alejandra Giantomasi*, F. Roig , P.E. Villagra and A. M. Sur Interannual Variation and 
Climatic Signal of the Ring Width and Wood Vessels of Prosopis flexuosa, DC   
Claudia A. Mansilla A** Pilgerodendron uviferum post-disturbance recruitment in Mt. Tarn, 
Brunswick Peninsula, Magallanes Chile. 
Mariano S. Morales*, Ricardo Villalba, Forest Expansion of Native Woodlands across the 
Montane Subtropical Deserts in South America: Climate and Grazing Influences  
Mariano S. Morales*, Ricardo Villalba, Claudia Solíz, Jaime Argollo, Duncan A. Christie, 
Jeanette Pacajes, Jorge Moya . Spatial Variations of precipitation in the Bolivian Altiplano 
inferred from the World’s Highest-elevation tree-ring records  
Maria Paz Peña**, D. Christie and A. Lara. Precipitation Reconstruction in the Temperate 
Mediterranean Transition of the Andes Inferred from Tree Rings 
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Juan M Quezada*
  and M. E. González. Fire History in Araucaria araucana forests from 
Villarrica National Park inferred from tree-ring and oral registries 
Ana Srur+, R. Villalba and G. Baldi  Variations in NDVI and Radial growth of Arnathrophyllum 
rigidum in the Shrubby Steppes of Patagonia, Argentina  
María L. Suarez** Spatiotemporal changes in climate-growth relationships for Nothofagus 
dombeyi in Northern Patagonia 
 
Notes: (*) Supported by IAI and the CRN; (**) attended both the fieldweek and the conference; 
(+) Ana could not attend but her poster was presented by colleagues.  
 
Awards  
The Tree-Ring Society decided to develop a series of three International awards that 
recognized significant achievements in Dendrochronology in the Americas. These awards were 
named for dendrochronologists who had themselves made outstanding contributions  
to the field.  One of these awards was named for Jose Armando (“Pepe”) Boninsegna from the 
tree-ring laboratory in Mendoza. In part, the description of this award reads as follows    
 “…..  Today, the influence of Pepe Boninsegna in the field of dendrochronology is pervasive, 
not just in South America, but throughout the world. Opening the trees and forests of the 
southern hemisphere to tree-ring scientists has made possible the reconstruction of climate on 
scales that would have seemed impossible to A.E. Douglass and Edmund Schulman. Perhaps 
more important is the legacy currently being left by Pepe represented by the current group of 
esteemed dendrochronologists living and practicing in South America: Ricardo Villalba, Antonio 
Lara, Juan Carlos Aravena, Fidel Roig, Mauro Gonzalez, Pablo Villagra, Mario Tomazello, 
Roland Vetter, Hector Grau, and many, many others”. 
 
The “Jose A. Boninsegna Frontiers in Dendrochronology Award” is awarded to a person 
who has contributed significantly to cutting-edge science in dendrochronology, including 
the bridging of geographic, research, or methodological frontiers. 
 
The first of these awards was made to Jose Villanueva-Diaz from INIFAP in Durango 
Mexico. Jose is director of the Tree-ring laboratory at INIFAP that was founded with funds from 
IAI CRN03. The citation for Jose reads as follows  
 
“Jose has a long history in dendrochronology, having studied at the University of Arizona where 
he received his degree. Jose has published an enormous amount of literature in the tree-ring 
sciences, often conducting research where few would have though tree-ring research was even 
possible. More importantly, few of us may know that Jose is an expert on the floristics of 
Mexican plant communities, and often collaborates with colleagues in Mexico on projects 
completely unrelated to dendrochronology. In addition to his impressive research and 
publication record, Dr. Villanueva-Diaz is a facilitator of research, bringing together scientists 
from the northern and southern hemisphere, so that our knowledge of past climate can be 
expanded to hemispheric spatial scales. Today, nearly every publication that involves expansive 
networks of tree-ring sites to reconstruct climate in the Americas has the name of Jose 
Villanueva-Diaz in the list of authors. He has published with such eminent dendrochronologists 
as David Stahle and Malcolm Cleaveland of the University of Arkansas, Brian Luckman of the 
University of Western Ontario, Rosanne D’Arrigo and Ed Cook of the tree-ring lab at Lamont-
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Doherty, Pete Fule of Northern Arizona University, and Fidel Roig in South America. Please 
keep in mind the difficulties that Jose must have faced in establishing a tree-ring laboratory in 
Mexico. He is deserving of the first ever Jose Boninsegna Award” 
 
Harold Fritts is universally recognized as the founder of the science of dendroclimatology 
and his 1976 book “Tree Rings and Climate” is still used around the world as the definitive text 
on Dendrochronology. Hal has worked at the Laboratory of Tree-Ring Research in Arizona for 
almost 50 years and continues to be more active than most of us in his retirement. 
 
“The Harold C. Fritts Award for Lifetime Achievement in Dendrochronology is given to a 
person who has significantly influenced the field of dendrochronology, emphasizing 
innovative research that has advanced the tree-ring sciences and made it more recognizable 
among our peer sciences”. 
 
The first Harold C. Fritts Award was presented to Dr Brian Luckman, together with a 
series of individual tributes and a gentle slide show “roast”  provided by his former students and 
colleagues covering his career and in particular the strong links with South American Scientists 
and IAI. 
 
2.5. Publications  
 These are listed in the individual regional reports and a complete listing is given in 
Section 11 
  
2.7. Capacity Building 
 
2.7a. Outreach  
 
IAI PIs Meeting Panama City 21-24
th
 February 2008  
IAI called this meeting to bring together all CRN PIs and most PIs (or designates) from 
the new IAI-SGP-HD projects (henceforth HDs). All groups initially made short (5-10 minute) 
presentations with HDs usually following the relevant CRN presentation. Most of the meeting 
consisted of discussions about the nature and difficulties of Interdisciplinary Science within IAI 
and the future direction and “branding” of IAI science. There were extensive discussions on 
future directions and network building in the IAI, communication and integration between and 
across projects, much of it drawing on issues raised and discussions at Ubatubu in 2006 which 
are summarized in Scope 683. Some of the major points and recommendations arose from 
discussions of the following issues:  
 
Networking. There is a need for continuous networking, within and between CRNs and HDs 
plus developing links with non-traditional partners (e.g. NGOs, national, regional or local 
agencies and environmental groups, donor communities etc) Consultation between projects 
should be  early and often with possibly small rather than large workshops. 
 
                                                 
3 Tiessen, H, Brklacich, M. , Breulmann G. and Menezes, R. S. C. (eds) “Linking the Sciences of Environmental 
Change to Society and Policy -lessons from 10 years of research networks in the Americas”  SCOPE 68, Island 
Press, Washington D.C. 
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Communications. There was an extensive and vigorous discussion of communications within, 
between and beyond IAI, CRNs and HDs plus the need for each of these groups to develop 
communications strategies that further the key messages they seek to deliver. This is often best 
achieved with professional help or advice, though clearly not all groups can afford to do this and 
there was some discussion of whether IAI should undertake initiatives in this regard. There is a 
need for CRNs and HDs to develop policy briefings fact sheets (traditionally 1-3 pages) and 
news releases on key issues around their research and to highlight new, critical or significant 
results in a form that can quickly be circulated and understood. This would ensure rapid 
communication, particularly with the media and public, but also increase the profile and 
visibility of these groups and IAI. One specific suggestion was to develop a series of one page 
profiles of IAI researchers that could be used for a variety of educational or publicity purposes 
by IAI and the CRNs/HDs. There should be a strong emphasis on visual (building up a photo 
archive) and effective communication in addition to (but not at the expense of) more traditional 
journal or book outlets. These might also include videos, short presentations and even calendars 
that could reach a variety of target audiences ranging from schoolchildren to government 
agencies. It should also be possible to create high visibility events (either as stand alone or as 
“add- ons” to other meetings) that would promote IAI Science.    
 
Synthesis. There was strong emphasis on the need to develop synthesis and integration between 
the science and social science components of projects, noting however the  language difficulties 
(technical jargon) involved in communication between these groups  (and, incidentally between 
individual disciplines within these two groups). This is seen as an unrealized opportunity for IAI 
as its interdisciplinary approach gives it a competitive advantage over other groups. It was also 
suggested that there was a need for greater integration within projects with group discussion of 
decisions and policies within the project rather than (as in some cases) a top down structure. 
 
Future Directions in IAI. In recent years the role of the IAI’s SAC (Scientific Advisory 
Committee) has changed from primarily a review panel to a group that tries to steer strategic 
planning, integration and develop opportunities for wider cooperation. There is some idea that 
the original idea of IAI as a “Network of networks” is beginning to develop with greater 
integration of projects such as those grouped around the Rio de la Plata basin or the Caribbean. 
Possible initiatives for new cross cutting workshops such as those at Ubatuba and Water Issues 
were discussed. In the near future IAI must decide on whether to consider a 3rd round of CRNs or 
develop along different lines.  
 
Interactions with IAI- SGP-HD projects  
Following IAI’s call for proposals in 2007, six new Small Grant Projects in Human 
Dimensions (HDs) were funded to work with existing CRNs.  Two of these are affiliated with 
CRN2047.  
 
IAI-SGP-HD-03 “Climate Change and Irrigated Agriculture” is led by Dr Francisco Meza 
from Santiago and involves scientists from Chile, Argentina and the USA. This project focuses 
on developing a better understanding of the driving forces and feedbacks between decision 
makers and the biophysical environment and their impacts on the hydrological cycle and land 
use, mainly in the Rio Maipo valley in Chile and the Province of Cordoba in Argentina.  It is also 
affiliated with CRN 2031 “Land Use Change in the Rio de La Plata Basin: Linking Biophysical 
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and Human Factors to understand trends, assess impacts and support viable strategies for the 
future” (Esteban Jobbagy, PI). The group met in Santiago on January 7-10, 2008 and Pepe 
Boninsegna (Co-coordinator of our SSA group) attended this meeting and gave a brief overview 
of CRN 2047 activities. There were also discussions between Luckman and Meza at the IAI PIs 
meeting in Panama in February. Unfortunately Dr Meza was unable to attend the CRN meeting 
in San Carlos in April as he was speaking at a conference in London at that time. There are 
excellent prospects for data exchange (climate, hydrological data and climate reconstructions) 
with this group as the precipitation reconstructions of Carlos Lequesne and Duncan Christie are 
clearly appropriate for conditions in Rio Maipo and Dr McPhee is also working on the 
hydrological records of this region. There has also been some contact with Dr Pablo Villagra at 
IANIGLA with regard to his work in the Monte region of Argentina. Although it has not yet 
been possible to bring these individuals together for a small planning meeting we hope to do this 
in the near future.  
 
IAI-SGP-HD 4 “Coming Down the Mountain: Understanding the Vulnerability of Andean 
Communities to Hydroclimatologic variability and Global Environmental Change” is led 
by Dr David Gauthier from the University of Regina in Canada and also involves participants 
from Argentina, Bolivia, Chile and the USA. This study will examine the capacities of selected 
water governance institutions in specific watersheds in Argentina, Chile and Bolivia to address 
vulnerabilities associated with climate change impacts on water resources. Subsequently they 
plan to examine the implications of these findings in the light of regional climate change 
scenarios and future hydrological settings in collaboration with CRN2047. In their draft proposal 
this group planned to target the Elqui River Basin in north-central Chile, the Río Mendoza in 
Argentina and the Tuni-Condoriri basin in Bolivia. The Bolivian basin was later changed to the 
Huayna Potosi basin as the group wished to focus on basins with dominantly agricultural land-
use. The initial meeting of this group was in Santiago on November 7-9th, 2007 and Dr James 
McPhee attended and gave a presentation on CRN 2047 activities to date. There were also useful 
discussions with Dr Harry (Polo) Diaz of the University of Regina at the IAI PIs meeting in 
Panama City in February.  Dra Elma Carmen Montaña of the Instituto Argentino de Zonas 
Aridas (IADIZA), Mendoza is the Argentinean CoPI in this team. She attended the ASM in San 
Carlos in April and participated actively in discussions at the meeting. This group plans to focus 
on the impacts of hydrologic variability on the wine industry, vegetable production and goat 
rearing in the Rio Mendoza basin which clearly intersects with CRN research on the history and 
changes in flow regime in the same basin. Moreover collaboration should be enhanced as 
IADIZA and IANIGLA share the same facility in Mendoza.  
 
Ultimately these new SGP-HD studies will provide balance to the treatment of some of 
the water- related issues within IAI Global Change and they clearly complement some of CRN 
2047’s activities from a different perspective. However, these projects are only funded for two or 
possibly three years and their main priority is to establish their own projects and protocols prior 
to collaboration with other groups. Similarly CRN CoPIs already have their own contacts, 
projects and priorities and so far there has been little time to develop appropriate meetings and 
integrate these studies more fully. Ultimately it is individual or small groups of CoPIs in a given 
region who will be most effective in building these linkages.  Highly successful interdisciplinary 
collaborations usually involve colleagues who have worked together over an extended period of 
time- it takes time to understand and appreciate the different approaches and perspectives. This 
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new experience brings with it a steep learning curve and one should not expect to achieve fully 
integrated results too quickly.  
 
 
2.7b. Students trained & scholarships 
 
4th South American Dendrochronological Fieldweek at Puerto Blest, Patagonia, Argentina, 
13-20 January 2008 
The fourth South American Dendrochronological Fieldweek was held at the Puerto Blest 
Biological Station in Patagonia, Argentina between 13 and 20 January 2008. Dendro fieldweeks 
provide a collaborative group training experience for young scientists interested in tree-ring 
research through a “hands-on” approach to field and laboratory project work directed by highly 
qualified dendrochronologists. The nineteen student participants were from Argentina, Australia, 
Bolivia, Brazil, Chile and Colombia (see below). Field trip leaders came from Argentina, 
Canada, Chile and the USA and, in total, ten different institutions were represented. This 
experience develops students’ insight of both theoretical and practical issues within 
dendrochronology and its many applications for environmental studies. It also fosters a spirit of 
camaraderie and academic collaboration which often continues throughout their academic 
careers. Several former participants of the first three fieldweeks are now, or have recently, 
completed graduate work.   
Following a one day field excursion to familiarize students with the forest environments 
of the southern temperate rainforests of northwestern Patagonia and potential research topics, 
students were assigned to four research teams led by the senior instructors. The four research 
projects were: 
• Reconstructing snow avalanche history from Nothofagus pumilio and Fitzroya cupressoides 
• Environmental signals in chronologies of Pilgerodendron uviferum and Fitzroya 
cupressoides from an altitudinal transect in a temperate rainforest 
• The dendroecological potential of shade-tolerant species and their productivity in the 
temperate rainforests of South America 
• Fire and stand development in a Nothofagus dombeyi (coihue) forest at Puerto Blest.  
 
Support for registration and some travel was provided by CRN 2047 and equipment, 
accommodation and other facilities were provided by Universidad Nacional del Comahue,  
Estación Biológica Puerto Blest  and IANIGLA.'s tree-ring laboratory in Mendoza. We thank 
Administración de Parques Nacionales for granting permission to work and sample in the highest 
protection area of Nahuel Huapi National Park. Thomas Kitzburger and Maria Suarez from the 
Laboratorio Ecotono of the Universidad Nacional del Comahue made the local arrangements 
without which this fieldweek could not have happened.  
 
Other student or technical support   
CRN 2047 has also provided travel grants to several students to attend meetings or short 
courses. Andrés Ramírez of the Universidad Nacional de Colombia has recently completed the 
first graduate thesis in dendrochronology from his University and was provided with a special 
grant to attend the 4th Dendroecological fieldweek in January 2008.  
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Martin Silva, the computer specialist at IANIGLA was supported by 2006-7 funds to attend the 
workshop “Providing REgional Climates for Impact Studies (PRECIS)” in Reading, England 
from July 23-August 3rd 2007. Following his return from England he has been involved with 
implementing and developing the use of PRECIS software at IANIGLA. Martin was also funded 
by IAI to attend the training workshop on data management and processing held in Panama City 
in February, 2008. Martin subsequently reported to the ASM of the CRN at San Carlos in April 
2008 (see Section 2.3, above). 
In November 2007 the CRN supported the attendance of Natalia Carrasco (UACH) at 
the 7th Winter School on Wood Anatomy, Davos-Laret, Switzerland. We also provided  
Duncan Christie (PhD student, UACH) with travel funds to take up a work internship at the 
laboratory of Dendrochronology of the Department of Geography at the University of Arkansas 
in November and December, 2007. Patricio Romero (Ph.D. student, UACH) was supported to 
attend the ForestSAT2007 conference and workshop in Montpellier, France from 5-7th 
November, 2007. He presented results from his doctoral research on “Forest cover and carbon 
changes in coastal temperate rainforest, Chile”. 
 
Participants, 4th South American Dendroecological Fieldweek, Puerto Blest, Argentina, 13-
20
th
 January, 2008 
 
Instructors 
 
Don Falk   Laboratory of Tree-Ring Research, University of Arizona, USA  
Mauro González  Laboratorio de Dendrocronologia - Universidad Austral de Chile, Chile  
Thomas Kitzberger  Laboratorio Ecotono - Universidad Nacional del Comahue, Argentina  
Brian Luckman  University of Western Ontario, London, Ontario, Canada  
Ricardo Villalba  IANIGLA-CONICET, Mendoza,  Argentina  
 
Assistants 
 
Ignacio Mundo  IANIGLA-CONICET, Argentina  
María Laura Suarez  Laboratorio Ecotono - Universidad Nacional del Comahue, Argentina  
 
Students 
 
Mabel Alsina   Laboratorio de Dendrocronologia - Universidad Austral, Chile  
Claudio Álvarez  Laboratorio de Dendrocronologia - Universidad Austral, Chile  
Mariano Amoroso  University of British Columbia,  Canada (Argentina)  
Joemir Brüske  Universidade Federal do Paraná, Brasil  
Alejandro Casteller  IANIGLA-CONICET, Argentina  
Marcelo Chartier  CENPAT-CONICET, Argentina  
Gustavo Ferreira  Universidade de São Paulo, Brasil  
Jean-Pierre François  Universidad de Chile, Chile  
Giuliano Locosselli  Universidade de São Paulo, Brasil  
Lidio López   IANIGLA-CONICET, Argentina (Bolivia)  
Juliano Oliveira  Universidade Federal do Rio Grande do Sul, Brasil  
Juan Paritsis   University of Colorado, USA (Argentina)   
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María Paz Peña  Laboratorio de Dendrocronologia - Universidad Austral, Chile  
Juan Quesada   Laboratorio de Dendrocronologia - Universidad Austral, Chile  
Andrés Ramírez  Universidad Nacional de Colombia, Colombia  
Paulina Rojas   Laboratorio de Dendrocronologia - Universidad Austral, Chile  
Sam Wood   University of Tasmania, Australia  
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Project Title Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
Project Number: CRN 2047 
Principal Investigator: Dr. Brian H. Luckman 
CoPIs: José A. Boninsegna, Juan-Carlos Leiva, Armando Llop, Maria R. Prieto, Pedro 
Skvarca, Ricardo Villalba.  
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3.2. Funding  
During the period July 2007 to June 2008, the IAI project in Argentina has been 
supported by IAI funds and complementary grants from CONICET-Argentina and the 
Argentinean Agency for Promotion of Science. We continue receiving funding for the project 
Impact of climatic changes on water resources across the Argentinean Andes, supported by 
the Argentinean Agency for the Promotion of Science 2004-2007. PI: Ricardo Villalba. CoPIs: 
Juan Carlos Labraga (CENPAT), Eduardo Flamenco (INTA) and Germán Poblete (Univ. Nac. 
San Juan). Budget US$ 18,450. Additional support from the Argentinean Agency for the 
Promotion of Science has been provided to Dr. Irene Garibotti, IANIGLA, Mendoza through the 
project Dating glacier deposits in Patagonia using lichenometry. Dr. Garibotti’s work is 
intended to complement the dendrochronological dating of glacier deposits in the Patagonian 
Andes.  
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3.3. Research Activities and Findings 
 
Major project activities 
 
During the interval covered by this report, the activities of the CoPIs involved in the CRN 
Project were focused on several areas. 
 
• Continuation of the compilation of archival documents from the Archivo General de la 
Nación (Buenos Aires) and specialized libraries (Academia Nacional de Geografía de 
Buenos  Aires), and Historical Archives of Jujuy and Salta containing information on 
precipitation variations from the 17th , 18th  and 19th  centuries in the provinces of Jujuy 
and Salta (Argentina) and Tarija (Bolivia). Historical information on streamflow changes 
and extraordinary floods in the middle and lower sectors of the Bermejo river basin was also 
compiled for the past four centuries. Old maps were compared to current maps and satellite 
images to determine the extension of flood areas in the past. 
 
• Study of the historical variations of the Rio Mendoza streamflow and the impact on the 
human activities including the formation and desiccation of marshes in the Mendoza plains 
resulting from climatic variations in the Cordillera between the 17th and 19th centuries. 
 
• New collections of dendrochronological material from trees across the Andes and adjacent 
regions.  
 
• In August 2007, new collections were conducted from species growing at high altitude in the 
Prepuna and Yungas of Northwestern Argentina: e.g. Prosopis ferox and Juglans australis to 
increase the network coverage of these chronologies in subtropical South America.   
 
• In January-February 2008, in collaboration with Dr. Brian Luckman (University of Western 
Ontario) extensive collections of Nothofagus pumilio and Nothofagus betuloides were 
conducted on the Argentinean slopes of the Southern Andes. Graduate students from 
Argentina and Switzerland were involved in these collections.  
 
• In collaboration with CRN047 members from La Paz, new collections of Polylepis 
tarapacana were conducted in September-November 2008 in the Bolivian Altiplano.  
 
• Intensive sampling of Schinopsis lorentzii, a tree species useful for dendrochronology in the 
xeric, low-elevation subtropical Chaco formation, were conducted in August 2007. These 
collections yield the first tree-ring chronology from this species and open the lowland Chaco 
formation to dendrochronological studies. 
 
• Collection of cross-section and development of tree-ring chronologies from tropical lowland 
forests in Bolivia. 
 
• Continuation of  related activities that  include the determination of climate influences on 
landslide occurrence using tree ring and remote sensing techniques; the use of tree rings to 
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evaluate changes in landscape related to human demography and human-induced 
disturbances and the reconstruction of snow avalanche history using tree rings. 
 
• Glaciological studies to document past and present glacier variations in the Central Andes 
and Patagonia. During the reporting period the field work has concentrated mainly in 
maintenances and collection of meteorological data along the glaciers located on the eastern 
side of Southern Patagonia Icefield (SPI), in particular from stations located at Glaciar Perito 
Moreno (GPM) and the nearby Glaciar Upsala. To investigate the temperature gradient in 
the area, a new temperature logger was deployed at an altitude near the equilibrium line of 
Glaciar de los Tres.  In addition, the moraine systems in front of Torre, Huemul and Heim 
Norte glaciers were visited to improve existing or develop new chronologies of glacier 
fluctuations in the region. 
 
• Long term glaciological measurements of ice-flow velocity and ablation rate were continued 
at the near steady-state Glaciar Perito Moreno. In August 2007 the glacier again overrode 
the opposite shore of Península Magallanes, forming the ice-dam which impounded the 
southern arms of Lago Argentino (Brazo Sur-Brazo Rico) for the third time since 1988. In 
contrast to the 2003 and 2006 damming events, that led to ice-dam ruptures in March 2004 
and 2006, on this occasion the ice-dam persisted throughout the whole summer, despite 
being one of the warmest on the record. As a result of this very warm summer enhanced 
surface melt on the Southern Patagonian Icefield led to unusually high water levels of Lago 
Argentino. 
 
Major findings   
 
1. Improving our understanding of glacier and hydroclimatic changes in northern 
Patagonia (37°-43°S) 
Masiokas et al. (2008) document the occurrence of significant glacier and hydroclimatic 
changes in northwestern Patagonia during the past century. Drastic, widespread glacier recession 
is documented by repeat photography of some of the earliest glacier images from southern South 
America. Linear trends in regionally-averaged annual and seasonal temperature and precipitation 
records indicate significant warming and decreasing precipitation over the 1912–2002 interval. A 
climatic index, based on winter precipitation and summer temperature records, mimics glacier 
mass balance relationships and shows a strong negative trend which agrees with the drastic 
glacier recession shown by the photographic comparisons. Short positive periods of this climatic 
index broadly correspond with known evidence of glacier advances in the region. Regionally-
averaged mean annual streamflow records east of the mountains were used in an independent 
verification check of the climatic series used in this study. This regional runoff record shows a 
strong negative trend, remarkable similarities with the climatic index, and highly significant 
positive (negative) correlations with the regional precipitation (temperature) series. This 
highlights the existence of a strong, regionally coherent hydroclimatic signal across this region 
and supports the utility of these records as environmental indicators for northwestern Patagonia 
between ca. 38° and 45°S. Given the significant socio-economic importance of rivers and 
glaciers in this area, further research is needed to evaluate the full range of natural hydroclimate 
variability and improve understanding of potential impacts of the future warmer and drier 
climates projected for this region. 
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Figure 3.1. Photographic comparisons showing changes in two selected glaciers of the north 
Patagonian Andes. The Castaño Overo Glacier in the Tronador Area shown in 1936 (Jakob 
1936) and 2005. The southernmost of the Argentinean glaciers in the Tronador Area, the 
Ventisquero Negro (also known as Río Manso Glacier) has thinned markedly between 1937 
(Jakob 1937) and 2005. 
 
2. Ring-width chronologies from Centrolobium microchaete in tropical lowlands of Santa 
Cruz, Bolivia 
The lack and shortness of instrumental records in the tropical forests of Bolivia limit our 
understanding of regional climate variability. Therefore, it is necessary to use proxy-climatic 
records to reconstruct past environmental changes. In his work partially supported by IAI, Lidio 
Lopez has developed the first tree-ring chronologies from Centrolobium microchaete (Tarara 
amarilla) and determined the relationships between the radial growth of this species and the 
variations in climate during the 20th century in the tropical Cerrado Boliviano. Statistical 
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analyses show that the chronologies are of good quality with a high percentage of common 
signal between trees within the stand. Although the chronologies only cover the past 180 years, 
adding samples from older individuals would allow the further extension of these records back in 
time. The growth of C. microchaete is strongly influenced by climatic conditions during the 
summer. Summer rains favor radial growth, whereas above-average summer temperatures reduce 
the water available for tree growth and are inversely correlated with radial growth. 
 
 
Figure 3.2. Transverse section of Centrolobium microchaete showing the growth rings 
demarcated by a thin line of terminal parenchyma. 
 
3. A dendroecological perspective on agriculture sustainability in northwestern Argentina  
Deforestation has increased markedly in northwestern Argentina during the past three 
decades due to the steady replacement of subtropical Chaco dry forests by agricultural lands. 
Soybean, one of the most profitable commodities in the world food trade, is the major driver of 
this regional change.  In the dry Chaco forest, extensive cattle breeding was gradually replaced 
by bean plantations in the 1960s. In the 1980s soybean and maize started to displace pea  and  
chickpea (garbanzo) to finally concentrate on soybean in the past few years.   More than 600,000 
hectares were deforested during the past 35 years. With summer maximum temperatures above 
43º C, this region is known as the ‘Heat Pole’ of South America. The expansion of agriculture 
practices during the past decades has been favored by a large increase in rainfall. Total annual 
precipitation has increased from ca. 500 mm to 800 mm since mid 1970s. 
We used tree rings from Schinopsis lorentzii (quebracho colorado), a precipitation-
sensitive tree from the Chaco forest, to provide a climatic framework to the land use changes 
recorded in the region. This chronology covers the interval 1829-2004 and shows that the 
increase in precipitation since mid 1970s has been unusual in the context of past climatic 
variability.  
    
Bark  
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Tree-ring and instrumental records show that although the interval of abundant 
precipitation continues, some dry events in recent years suggest an increase in rainfall variability. 
Current land-use practices would be seriously threatened if precipitation amounts return to the 
pre-1970s values or increased interannual variability persists. 
 
 
Figure 3.3. Tree-ring variations from Schinopsis lorentzii and regional precipitation variations 
(November to April) in the dry Chaco forest. The increase in precipitation since mid-1970s has 
been unusual in the context of the past 200 years.  
 
4. Variations in NDVI and radial growth of shrubs in the Patagonian steppe, Argentina 
Despite several studies, the information on net primary productivity of ecosystems in 
semi-arid regions is limited, hampering the development of productivity models. The 
Normalized Difference Vegetation Index (NDVI) is a good measurement of the carbon flux 
through ecosystems. Basic and applied studies have also shown that NDVI is a good estimator of 
the ecosystem productivity. The work conducted by Ana Srur and collaborators in Mendoza has 
shown that annual variations of growth in the shrubby species of Patagonia are related to changes 
in vegetation productivity and thus in NDVI. Significant positive relationships between 
Anarthrophyllum rigidum growth and summer NDVI values were documented at 16 sites across 
Patagonia. Growth rings reflect the CO2 uptake by the shrubby ecosystems in the Patagonian 
steppe between December and May, which is concurrent with the seasonal peak in regional 
NDVI at most sites. If tree rings can provide an estimate of NDVI as Ana has shown, tree rings 
can be used to evaluate natural oscillations in ecosystem productivity, which is valuable 
information for the management and conservation of grassland used to feed livestock.  
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Figure 3.4. Annual variations in A. rigidum growth and NDVI at each sampling site across 
Patagonia. 
 
5. Vegetation on recently deglaciated surfaces in the Patagonian Andes: Primary succession 
and lichenometric studies 
 Vegetation communities growing on surfaces deglaciated since the last Neoglacial 
maximum were studied on the sequence of moraines of 6 glaciers in the Patagonian Andes. All 
vegetation groups were investigated, including lichens, mosses and vascular plants. A detailed 
floristic and taxonomic study was performed, giving valuable information about the regional 
vegetation biodiversity. These studies were performed with the aid of specialists in taxonomy of 
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each of these vegetation groups from the University of Comahue (Bariloche, Argentina). 
Identification of lichens and mosses was very laborious due to the low number of floristic and 
taxonomic studies previously carried out in this area of the Andes. Approximately 80 species of 
lichens and 20 species of mosses were identified. Analysis of the regional and global distribution 
of the species revealed the presence in the area of several species not previously recorded for the 
Patagonian Andes, Argentina and/or southern South America. The floristic and taxonomic 
information provides a basis from which to carry out ecological studies of vegetation dynamics, 
and it also provides basic information to monitor long-term changes in vegetation composition. 
In addition, quantitative data of the vegetation structure (composition and coverage) were 
collected during fieldwork to analyse the primary succession process. Both granite rock outcrops 
and glacier deposits successively exposed by glacier retreat were studied. Application of 
multivariate statistical analyses to the vegetation data from Glaciar Frías (Mount Tronador, 
Bariloche) revealed that primary succession follows a directional-replacement pattern of 
vegetation groups. Three main successional stages were differentiated, each characterized by the 
dominance of a particular vegetation group: the lichen Placopsis perrugosa dominated the 
younger surfaces, the moss Racomitrium lanuginosum dominated the middle-age surfaces, and 
the tree Nothofagus dombeyi dominated the older surfaces. Establishment of a Nothofagus 
dominated community is slow on the outcrops, when compared to the glacial deposits, taking 
more than 125 years. In addition, abiotic and biotic characteristic of the “safe-sites” of 
Nothofagus seedling growth were recorded during the last summer season, but have yet to be 
analyzed. The quantitative vegetation data collected at the other surveyed glaciers are under 
analysis. Finally, lichenometric studies were performed at the studied glaciers. The lichenometric 
potential of Placopsis perrugosa and Rhizocarpon subgenus Rhizocarpon was investigated. The 
former is a fast growing species, while the latter has slow growth rates. For Rhizocarpon 
subgenus Rhizocarpon, lichenometric dating curves were established by measuring lichen sizes 
on surfaces of known age. Two preliminary regional lichenometric dating curves were 
established for dry and moist sites located along the west-east precipitation gradient. The 
usefulness of P. perrugosa for dating surfaces deglaciated during the last 50 years was 
confirmed. After this time period this species tends to disintegrate. Due to the fast growth of this 
species, its growth curve will be determined by direct means, i.e. photographing specimens 
during successive years and estimating its yearly radial growth rate. A small sample of 
specimens was marked at the Glaciar Frías site during the last summer season, but more 
specimens would be marked in this and other glaciers along the Patagonian Andes. The 
potentiality of lichenometry in the Patagonian Andes is confirmed by these studies. P. perrugosa 
is suitable to date recently-deglaciated surfaces and R. subgenus Rhizocarpon older surfaces. 
Both lichen species should be used for developing a complete chronosequence of recent (i.e. 
Little Ice Age) glacier fluctuations in the Patagonian Andes.  
 
6. Temperature observations at Glaciar Perito Moreno  
Glaciar Perito Moreno is anomalous compared to most other Patagonian Glaciers in that 
it has advanced several times in the 20th century and three times in the last 20 years, most 
recently in 2007. Long-term climate data are essential for better understanding of the behavior of 
this glacier. Few such data are available from sites around the 13000 km2 area of SPI, the largest 
temperate ice body in Southern Hemisphere. An automatic weather station was installed at 
Glaciar Perito Moreno in 1995 and now provides the longest temperature record available in the 
region of Patagonian glaciers. In addition, an automatic datalogger has also been recording 
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temperatures continuously since late 2001 at a site close to the drastically retreating Glaciar 
Upsala. Although short, both temperature records show a strong correlation with the 63-year 
long temperature record of Lago Argentino weather station (SLA), located ~60 km east of the 
Glaciar Perito Moreno (GPM) meteorological station. The long term mean annual temperature 
(MAT) record of SLA shows only a minor warming trend of +0.13 ºC since 1945. The GPM and 
SLA series show relatively high inter-annual variability but almost no variation in mean annual 
temperatures over the last 12 years. MAT at Glaciar Upsala is about 2 ºC higher than at GPM 
over the common period. The mean winter temperatures (MWT) at SLA show a decreasing trend 
of –0.8 ºC during the last six decades. This negative trend is also evident in short-term GPM 
temperature record. Comparison of 1996-2007 series at both stations show that average winter 
temperature at GPM is on average +1.2 ºC higher than at SLA. However, the most interesting 
results are revealed by the mean summer temperature (MST) series. The Station Lago Argentino 
shows a significant warming trend of +1.4 ºC from summer 1944-45 to 2007-08, a trend which is 
also clear in the GPM record. This increase in mean summer temperatures combined with a 
slight decrease in precipitation may be responsible for the observed general glacier retreat in the 
region. The MST series also reveal that temperature conditions at Glaciar Upsala are very similar 
to those at El Calafate, but more that 3.0 ºC warmer than at GPM. This may suggest that GPM is 
subject to different localized climatic conditions that are not representative for the SPI region. In 
addition, the unusual increase in water level observed at Lago Argentino during the 2007-8 
summer is a result of increasing melt due to unusually high summer temperatures. In conclusion, 
these  temperature series provide new information for better understanding of regional climate 
and may help to explain the contrast between the general glacier retreat around the SPI and the 
anomalous near steady-state behavior of Glaciar Perito Moreno. However, for more reliable 
conclusions longer continuous temperature records are needed on and around the Icefield.  
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3.7. Capacity Building 
 
3.7a. Outreach  
R. Villalba participated in the organization committee of the course on  Paleoecology, 
held in La Serena, Chile, in November 2007, in conjunction with III Binational (Argentina-
Chile) Ecological Conference. The symposium was supported by PAGES. 
Following the International Symposium Reconstructing Past Regional Climate 
Variations in South America over the late Holocene: A new PAGES Initiative, Malargüe, 
Mendoza (October, 2006),it was decided to produce a Special Issue in the Journal 
Palaeogeography, Palaeoclimatology, Paleoecology (Elsevier) to set the stage of current 
knowledge on high-resolution records across South America. This Special Issue will feature a 
series of comprehensive review-style chapters elaborated by working groups archive by archive, 
and a series of original research articles. Ricardo Villalba IANIGLA, Thorsten Kiefer of PAGES 
and Martin Grosjean (U. Bern) have arranged for this special issue, and have agreed to be Guest 
Editors. 
 Based on the photographical material collected by R. Villalba, B. Luckman and graduate 
students at IANIGLA in February 2008, Greenpeace prepared a special campaign on Climate 
Change Impact on Patagonian Glaciers. By invitation from Greenpeace, Ricardo Villalba re-
visited the Glaciar Viedma in Patagonia during March 2008 (Figure 3.5). Comparative 
photographs from Glaciar Viedma in December 1930 and March 2008 were published in most 
newspapers of Argentina and some Latin American countries. A video, recorded by Greenpeace 
during the visit in March, was released few days later and widely distributed to News companies. 
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Figure 3.5. Headlines of Los Andes, the major newspaper in Mendoza, Argentina, reporting on 
the impact of climate change on the retreat of Glaciar Viedma. 
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3.7b. Students trained & scholarships  
Nine students have directly been supported by the project. 
 
Lic. Natalia Schroeder is a graduate student supported by the Project from July 2007 to March 
2008. She was working on the impacts of climatic variations on forest dieback in North 
Patagonia. Extensive Nothofagus forest mortality has been documented in northern Patagonia 
during the severe droughts of 1997-98, related to extreme climatic conditions associated with the 
strong El Niño-Southern Oscillation event. In April 2008, Natalia received a fellowship from 
CONICET to work on human-environmental issues in southern Mendoza 
 
Ing. Milagros Rodriguez is a graduate student supported by the Project from April 1st 2008 the 
present. She was trained by Dr. Mariano Morales and Lic. Natalia Schroeder on dendroecology. 
She is presently working on forest dieback and climate change in the Southern Andes. 
 
Lic. Clara Cueto is a graduate student at the Department of Geography, Universidad Nacional 
de Cuyo, Mendoza. She has been supported by the Project from July 2007 to the present. As part 
of her master’s degree, she is compiling historical information to reconstruct past variations in 
the Bermejo and San Juan rivers in Argentina.  
 
Lic. Juan Agustín Alvarez, is a graduate student who joined the project on April 1st, 2008.  He 
is working on the hydrological connections between underground water recharge in the 
mountains of the Central Andes and phreatophytic water depth fluctuations in the dry plains of 
western Argentina. Extensive Prosopis forests occur in western Argentina at regions with 
permanent and relatively close-to-surface ground water. 
 
Eng. Alejandro Casteller was supported by the project during the austral summer to conduct 
dendrogeomorphological research in Patagonia.  Based on tree-ring records, he is developing 
chronologies of snow avalanches in northern and southern Patagonia. 
 
Eng. Lidio Lopez Callejas is a Bolivian graduate student working in Mendoza and was 
supported by the IAI project to collect dendrochronological material from tropical lowlands in 
Bolivia during August-September 2007. Presently, he is a fellow at CONICET Argentina 
working on the development of tree-ring records from tropical, lowland Bolivia. 
 
Lic. Lucas Ruiz is a graduate student supported by the project to participate in the summer field 
season in Patagonia during January and February 2008. Presently he is a fellow at CONICET 
working on landscape dynamics with emphasis on Quaternary geomorphology. He and other 
graduate students from IANIGLA were involved in the field trip coordinated by Brian Luckman 
and Ricardo Villalba across Patagonia after the Dendroecological Fieldweek in Puerto Blest, 
Bariloche, Argentina. 
 
Lic. Carla Barbaza (working with Armando Llop) 
 
Lic. José Diego Olguín, is a graduate student in Economics who joined the team in December 
2006 to participate in the development of hydro-economic models of Andean basins in the 
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central-western provinces of Argentina. Under the supervision of Dr. Armando Llop, Lic. Olguín 
is working on his doctoral thesis on technological transfer in critical areas under irrigation in the 
Province of Mendoza.  
 
Partial support has been provided to the activities briefly described below. 
 
1. Lichenometric studies across Patagonia, developed under the coordination of Dr. Irene 
Garibotti research assistant at IANIGLA-CONICET, to assess the rates of growth of different 
lichen species in deglaciated terrain. Based on the lichen rates of growth, glacial deposits can be 
dated and compared with dates derived from dendrochronology to reduce uncertainties in the 
dating of moraine formation. Lichens can also provide dates for moraines of suitable geology 
where trees are absent. Field activities of two undergraduate students (Diana Gomez and Clara 
Pissolito) involved in the lichenometric studies at Glaciar Frías were also supported by the 
project. 
 
2. Financial support for the participation of Lic. Martín Silva (IANIGLA computer analysts) at 
the PRECIS training course in Reading, UK in August 2007 was provided by the CRN2047.  
PRECIS is a computer package for implementation of regional downscaling from the Hadley 
Center Global Circulation scenarios of Global Warming.  PRECIS has now been installed at the 
computer facilities in IANIGLA and the first runs are planned for the second part of 2008. 
 
3.  Investigations of the dendrochronological potential of Patagonian steppe shrubs, conducted by 
Lic. Ana Srur, a graduate student at IANIGLA-CONICET. Presently, she is a fellow at 
CONICET evaluating the potential of Patagonian steppe shrub species to provide an ecological 
basis for extensive land management. 
 
4. Participation of Prof. Stella Maris Rivera from University of La Plata, Buenos Aires, in an 
intensive course (4 to 12 December, 2007) on Techniques on wood anatomy with emphasis on 
tree-ring identification, at IANIGLA, Mendoza.  The course was attended by 15 graduate 
students from IANIGLA, IADIZA and local universities. 
 
5. Dr. Mariano Morales visited the Tree-Ring Laboratory in La Paz, Bolivia, from October 23 
to November 20, 2007. During his stay at the laboratory, Dr. Morales worked with Jeanette 
Pacajes and Jaime Argollo in the cross-dating and developing of new chronologies of Polylepis 
tarapacana. This visit is part of the annual training sessions of the collaborative program that 
both institutions (Mendoza and Universidad Mayor de San Andrés,   La Paz) have conducted over 
the last 10 years.  During his visit, Dr. Morales also participated with local students in a two-
week field trip to the southern sector of the Altiplano.  They collected Polylepis tarapacana at 
Uturunco, Caquella and Chihuana. 
 
3.8. Regional Collaboration/Networking 
 Jose Boninsegna attended and representedCRN2-047 at the First Science Meeting of the 
project IAI-SG-HD 3 “Climate Change and Irrigated Agriculture: Towards a better 
understanding of driving forces and feedbacks between decision makers and biophysical 
environment and their impacts on hydrological cycle and land use.” PI Dr Francisco Meza, 
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Catholic University of Chile, January 2008. Interactions with the Bolivian Group are reported in 
section 3.7b, above. 
 
3.9. Media Coverage and Prizes 
 
 
 
Diario UNO, Mendoza. April 5, 2008. Dr. Celso Jaque (center), governor of Mendoza, and Eng. 
Guillermo Carmona (right), State Secretary of Environment, thanking Dr. Villalba (left), during 
the Inaugural Ceremony of the Mendoza Climate Change Agency, for his commitment with 
Climate Change issues in western Argentina.   
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The Guardian, UK. Friday 14, March, 2008 
Huge Patagonian glacier could disappear in 60 years 
Scientists report that the giant Viedma glacier, located in Argentina's southern Santa Cruz 
province, has retreated 1km since 1930. At this rate it could disappear altogether by the end of 
the century. http://www.guardian.co.uk/environment/video/2008/mar/14/viedma.glacier 
 
Thomson Reuters, UK.  February 7, 2008 
Trees tell the weather  
http://www.reuters.com/news/video?videoId=75811&videoChannel=74 
 
El Mercurio, Santiago de Chile. Wednesday 17 October 2007. 
CAMBIO CLIMATICO: Reportaje Especial. (Climatic Change: Special Report) 
Argentina se batirá entre las extremas variaciones de inundaciones y sequías. (Argentina climate 
will fluctuate between extreme floods and droughts), a whole page dedicated to climate changes 
in Argentina and implications to national and local economies. 
 
AWARDS 
As one of the lead authors of Chapter 6 in the report of IPCC’s Working Group 1 of the 
Fourth Assessment Report (AR4), Dr Villalba is a co-recipient of the Nobel Peace Prize jointly 
awarded to IPCC and Al Gore. This contribution has also been recognized by awards from 
several regional and local agencies in Mendoza Province.  
 
3.10. Policy Relevance 
Four Co-PIs of CRN 2047 (Boninsegna, Leiva, Llop and Villalba) have played an 
important role in the establishment and implementation of the management-oriented-policies of 
the Climate Change Agency (Agencia de Cambio Climático) in Mendoza Province. Created by 
the Governor, the Agency will provide advice to the State Government on Climate Change 
issues. José Boninsegna is the IANIGLA representative to the Advisory Committee of the 
Climate Change Agency. 
Three Co-PIs of CRN 2047 (Boninsegna, Leiva and Villalba) have been very active in 
providing technical support for a Law on Glacier Protection in Argentina.  The Law is intended 
to limit activities that could affect glaciers as source of water in Argentina. On July 3, 2008, 
Ricardo Villalba gave a lecture at the Environment Commission of the National Senate in 
Buenos Aires, Argentina, on the role of glaciers as sources of water, energy and tourism in 
different regions across the Andes. The Law has already been approved by Congress and 
presently is under consideration by the Argentinean Senate. 
 
3.11. Main Conclusions 
The major advances during the second year are listed under Major Findings (section 3.1) 
and deal with the geographical expansion of tree-ring records to lowland (not in the Andes) sites 
in tropical Bolivia and subtropical northwestern Argentina. Another important advance during 
this interval has been the meteorological instrumentation of glaciers in the Southern Patagonian 
Icefield. A complete list of products is included in section: Publications. 
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3.12. Work Plan for Next Year with Associated Costs 
 
Major efforts during the third year of the project will concentrate in: 
 
1 – To Increase the density of tree-ring records in the Bolivian Altiplano in collaboration with 
the Tree-Ring Laboratory in La Paz, Bolivia. New collections of sub-fossil material will be 
conducted during the next summer to extent the temporal coverage of the current records.  The 
major goal is to extend the chronologies back to span the last 1000 years. 
 
2 – To Increase the density of tree-ring chronologies in the tropical and subtropical lowlands of 
South America. Field collections will be conducted in the Cerrado Boliviano (Chiquitanía) in 
September 2008, and in the subtropical dry forests of northwestern Argentina in April 2009. 
 
3 – The PRECIS program, which allows downscaling Global Scenarios of Climate Change 
during the 21st century to regional scale, has already been installed at IANIGLA. During the next 
year we will start producing the regional scenarios in collaboration with Maisa Rojas from the 
Department of Geophysics, Universidad de Chile, Santiago. 
 
4 – To continue the installation of meteorological weather station across the Andes of Argentina. 
Three stations in northwestern Argentina and four in the Patagonian Andes will be installed 
during September-November 2008 and February-March 2009, respectively.  
 
5 – To reconstruct droughts in the Central Andes during the 19th and 20th centuries based on 
documentary records. Information on the impact of past droughts on socio-economical activities 
will also be recorded. Reconstruction of extreme events for the Río San Juan, Central Andes of 
Argentina, based on newspaper records during the 19th and 20th centuries. 
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J. Argollo (IGEMA, UMSA) and E. Ramírez (IHH, UMSA, La Paz) 
 
4.1. Project Title, Project Number, Principal Investigator, Key Words  
 
Project Title Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
Project Number: CRNII-047 
Principal Investigator: Dr. Brian H. Luckman 
CoPIs: Jaime Argollo, Edson Ramírez, Bernard Francou 
Key Words: Tree-ring chronologies, streamflow, precipitation reconstruction, droughts,  
glacier change, mass balance, water supplies and management. 
 
4.2. Project Funding 
The Project is funded by the IAI, co-funded by the UMSA with $20,000 US during the 
reported period. This funding covers full and partial time CoPIs salaries and operation expenses. 
The IAI Project has been the basis for the development of the project “Analysis and 
evaluation of the climatic change risks to High Mountain Ecosystems, Sector: Tuni Condoriri – 
Chacaltaya and its influence area” which will be funded by the Danish Embassy with an 
additional $200,000 US. The project commences in July 2008 and it will last 18 months. 
 
4.3. Research Activities and Findings 
 
4.3.1. Fieldwork on Volcán Caquella, Uturuncu and Chiguana  
The objective of this work was to collect dendrochronological samples, document the 
geological and geomorphological dynamics at these sites, locate and measure water sources and 
to determinate the size of the rock glaciers. 
 
Field campaigns 
The first field trip took place from November 1-9, 2007 when tree-ring samples were 
taken from different sites on Volcán Uturuncu and Volcán Chiguana.  
Volcán Uturuncu formed after the last glaciation and has not been affected by subsequent 
glacial activity and therefore there are no glacial erosional or depositional landforms. On the 
slopes of this volcano we found some patchy stands of the Polylepis tarapacana forests which 
have been studied at other sites in the past. The forests on the east, northeast and southeast sides 
of the volcano were sampled for the first time in November 2007.  
Volcán Chiguana is a new study site and has a record of past human occupation in this 
region. The main research objective at this site will be to establish the relationships between 
environmental conditions and human occupation. 
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The scientists who participated on this campaign were Mariano Morales 
(Dendrochronology Laboratory, IANIGLA,Mendoza Argentina), Vanesa Jiménez, a thesis 
student in Archeology, UMSA, La Paz, Bolivia, and Jeannette Pacajes from the IGEMA 
Dendrochronology Laboratory, La Paz, Bolivia. 
 
Table 4.1. Details of the new tree-ring sites collected in November 2007. 
 
Volcano Name Latitude Longitude Slope Sample 
numbers  
Elevation 
(m) 
Uturuncu Agua amarga 22°13’ N/A? East 22 4553 
Uturuncu Alto de Celeste 22°13’127’’ 68°08’655’’ North 11 4572 
Uturuncu Laguna K’umo 22°16’240’’ 67°06’801’’ East 8 4556 
Uturuncu Rincón Uturuncu 22°13’405’’ 67°13’453’’  10 4471 
Caquella Caquella 1 21°28’063’’ 67°54’637’’ North 8 4694 
Caquella Caquella 2 21°30’729’’ 67°57’742’’ East 6 4555 
Caquella Caquella 3 21°29’768’’ 67°52’795’’ North-east 16 4509 
Chihuana  21°05’511’’ 67°50’585’’ South-east 8 4508 
 
The second campaign took place from December 1st-8th, 2007 at Caquella volcano. This 
volcano was formed prior to the last glacial maximum and we found cirques and glacially eroded 
valleys mainly on the southeastern slopes of the volcano. The morphological record shows two 
sets of lateral moraines from the last glaciation plus Little Ice Age moraines in the upper sections 
of the valleys.  Radiocarbon dates and lichenometry have been used to date the moraines in the 
Cordillera Oriental. Volcan Caquella is one of the most favourable sites to elaborate the Little Ice 
Age history in the Cordillera Occidental.  
Polylepis tarapacana forests are found on all sides of the volcano. Table 2 shows the new 
sites sampled during this campaign, which will strengthen and lengthen the Polylepis  
tarapacana chronology previously developed  from this region. 
 
Table 4.2. P. tarapacana tree-ring sites sampled in December 2007. 
 
Volcano Latitude Longitude Slope Number of 
amples 
Elevation 
(m) 
Caquella 21°28’091’’ 67°53’935’’ East 18 4580 
Caquella 21°27’772’’ 67°53’449’’ West 4 4418 
Caquella 21°27’526’’ 67°57’674’’ Nor-west 11 4650 
Caquella 21°28’208’’ 67°58’705’’ West 19 4530 
 
Around the base of Caquella volcano, we found springs associated with the volcanic 
rocks. The springs form small rivers which maintain several wetlands of different sizes which are 
used for maintaining camel herds. This activity is the main livelihood of the people living in  this 
region. The wetlands also help to maintain biodiversity in this region, especially the birds that 
feed on algae and microorganisms at these aquatic sites. 
We sampled four sites in this region and our analyses indicate this water is potable and 
can be used for human consumption. Other sites in this region contain very mineralized waters 
that are not suitable for human consumption.  
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Figure 4.1. Satellite image showing the location of water sampling points.  
 
The scientists who participated of this trip were Jaime Argollo and Jeannette Pacajes, 
IGEMA Dendrocronology Laboratory, UMSA, La Paz, Bolivia. 
 
4.3.2. Other activities 
Our dendroclimatological investigations have extended to Volcán Coropuna in Peru 
(15º41`569``S,  72º48`790``W), and to the Urubamaba region.  New sites for  Polylepis pepei 
have been sampled by Vincent Jomeli (IRD) and Jeannette Pacajes (IGEMA) and have been 
processed by Irina Pavlova from the Institute of Geography RAS, Moscow.  
 
4. 3.3. Activities in the Cordillera Oriental 
 The activities of the IHH Team in the Cordillera Oriental have concentrated on the Tuni-
Condoriri, Huayna Potosí and Mururata glacierized systems (Figure 4.2) which are crucial for 
water supply and hydropower generation for the cities of El Alto and La Paz. At these sites our 
activities have followed three main avenues of research, namely glaciology, hydrology and 
digital photogrammetry. 
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Figure 4.2. Study sites in the Cordillera Oriental and their relationship with water use of  the 
cities of La Paz and El Alto. 
 
Glacier studies 
We made progress in this research by applying the Belgian glacier model (developed by 
Prof. Frank Pattyn of the University of Brussels) to our study sites. This research was carried out 
as part of the doctoral thesis of Carlos Olmos in Belgium (“Management of Water Resources for 
the cities of La Paz and El Alto”). Carlos is a participant in CRN 2047. Pattyn’s model uses 
Glenn’s equations for glacier dynamics to model the recession and evolution of the glaciers over 
time and has been tested previously on glaciers Alaskan, Antarctic and European alpine glaciers.. 
We are attempting to calibrate this model for tropical glaciers using data from Chacaltaya glacier 
(which has now almost disappeared). Figure 4.3 shows a Digital Elevation Model of the sub 
glacial topography of this glacier and a DEM of the modeled glacier thickness in 1900. The 
results of the application of this model were satisfactory. The next steps will be to determine the 
mass of the glacier for known glacier positions (based on moraines) and to use climatic data and 
the glacier process models to simulate the reduction in mass u to the present day. This simulation 
will demonstrate whether this application can be used for tropical glaciers and, if successful, can 
be used to model change in glaciers in the region.  
A new field campaign used Ground Penetrating Radar (GPR) to measure thickness of the 
Tuni glacier. The results will be used to apply the Belgian model to Tuni Glacier. These glaciers 
are highly significant for water management and supply to the cities of La Paz and El Alto. The 
ability to predict future recession and the resulting hydrological changes is very important in this 
case.  
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Figure 4.3. Digital Elevation Models of the elevation of the subglacial topography (right) and 
modeled glacier thickness in 1900 (left) for Chacaltaya glacier, based on the Belgian Glacier 
Model  (C. Olmos, personal communication). 
 
Hydrology 
We studied sites in the Tuni-Condoriri and Takesi watersheds (Figure 4.2) both of which 
have snow cover. The Tuni-Condoriri system involves two altiplano catchments: Condoriri and 
Tuni with surface areas of 14.87 km2 and 9.87 km2 respectively. The altitudinal range of both 
watersheds varies between 4500 m and 5300 m. The water outflow of both watersheds is stored 
behind the Tuni dam, which supplies water for over 1 million inhabitants in the cities of El Alto 
and La Paz. In both catchments two automatic hydrometric stations were installed in 1999 that 
allow quantitative determinations of the surface outflow of the watershed. 
The Takesi river basin (at Mururata mountain, Figure 4.2) is northeast of the city of La 
Paz and is part of the Amazonian river basin. This river basin has a small extent of glacier cover 
that extends up to 5207 m and supplies water for two hydropower plants that contribute to the 
electricity energy supply for the city of La Paz.  Within this watershed two hydrometric stations 
(Cacapi and Chojlla) were installed in 2002 at 2623 m and 1955 m, respectively. The total area 
of the river basin above the Chojlla plant is of 194.18 km2. Our studies used a multi-temporal 
analysis of satellite images and aerial photographs that were previously orthorectified and 
georeferenced using the WGS84 systems as a reference. Calibration of these images was 
achieved by the measurement of Ground Control Points (GCP) using the differential Global 
Positioning Systems (DGPS) Thales Z-Max. Combining remote sensing and digital 
photogrammetric techniques we developed Digital Elevation Models (DEM) for the sites. 
.Orthorectified satellite images and aerial photographs were used to define and identify the 
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glacier coverage, based on discrimination of surface conditions based on spectral signatures. This 
information is used to calibrate hydrological models of snowmelt.  
Using available hydrometeorological information, hydrologic models were developed and 
calibrated to reconstruct watershed outflows for these basins. In this case, the four watersheds 
(Condoriri, Tuni, Chojlla and Cacapi (Takesi - Mururata)) were modeled by the application of 
degree-day models. The hydrologic models were calibrated and run based on daily data (Figures 
4.4 and 4.5). On the basis of future scenarios for climatic change, the next step of this component 
of the research will involve the simulation of the contribution from different sources (glaciers, 
snowmelt and precipitation) and the total water availability in these river basins. These new 
simulations will serve to develop a water resources management model for the cities of La Paz 
and El Alto. 
 
 
 
 
Figure 4.4. Outflow simulations for Condoriri and Tuni watersheds. Observed outflow in black 
dots (Source: E. Ramirez).  
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Figure 4.5. Outflow simulations for Cacapi & Chojlla watersheds (Takesi-Mururata valley). 
Observed outflow in black dots (Source: E. Ramirez). 
 
Digital photogrammetry 
This component was carried out as part of the doctoral thesis of Alvaro Soruco in 
Grenoble – France and the undergraduate engineering thesis of Fabiola Ledezma. 
In Alvaro Soruco’s thesis, a major effort was made to reconstruct mass balance of the 
Zongo Glacier through photogrammetric technique. This study allowed the reconstruction of the 
mass balance of this glacier since 1956 and has been submitted to the Annals of Glaciology 
journal for publication. 
Fabiola Ledezma developed a Digital Elevation Model (DEM) of the snow covered 
Mururata using aerial photography. Aerial photographs were processed using an internal and 
external calibration, aerial triangulation and restitution to obtain the DTM and aerial orthophotos 
of the study sites. This activity was accompanied by the definition and identification of ground 
control points (GCP) by means of a double frequency differential GPS Thales Z-Max. Fabiola 
Ledezma was supported in part by the GEOINPRO Company (based in the city of Cochabamba) 
which has an enormous experience in the field of the digital photogrammetry and provided 
valuable guidance on the use and applications of the software SOCET (internal and external 
calibration), ORIMA (aerial triangulation), MICROSTATION (restitution) and LPS (DEM and 
orthophotos). 
At present, the 1983 and 1975 aerial photography has been processed and the 1955 and 
1963 photographs are still in process.  
A new photogrammetric flight in collaboration with the National Service of 
Photogrammetry is being prepared at the moment. This flight will cover the Tuni-Condoriri 
glaciers and the Mururata snow-covered Mountain and is scheduled for June 2008.. Among other 
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uses, this new information will be used for the calibration of a new Snowmelt Runoff Model 
(SRM). 
 
4.4. Contributions of Co-PIs 
The Co-PIs organized the first National Workshop on Climatic Change Investigation held 
at  the Bolivian National Science Academy, La Paz, Bolivia on August 21st. and 22nd, 2007. 
Participants included people from the Universities of La Paz, Cochabamba and Santa Cruz, the 
Ministry of Water, Ministry of Environment, SENAMHI, ASANNA, National Academy of 
Sciences of Bolivia, and NGOs. 
The CO-PIs also participated in fieldwork, sampling Polylepis tarapacana tree-ring cores 
from Caquella volcano, plus obtaining and analysis of water samples at the IGEMA laboratory of 
chemistry. 
 
4.5. Publications 
 
Soruco, A., Vincent, C., Francou, B., Ribstein, P., Berger, T., Sicart, J.E., Wagnon, P., Arnaud, 
Y., Favier, V. and Lejeune, Y.  (2008) Mass balance of Zongo glacier, Bolivia, between 
1956 and 2006, using glaciological, hydrological and geodetic methods. (Submitted to 
Annals of Glaciology). 
  
Jaime Argollo, Jeannette Pacajes, Jeimy Tapia. 2007.  Dendroclimatología of the Central Andes 
of Bolivia. First Workshop on Climate Change Research in Bolivia. La Paz, Bolivia 
 
4.6. Data 
We currently have a database of dendrocronological records for the Polylepis tarapacana, 
P. pepei, P. beseri and P. tomentela. The glaciological records  for the Chacaltaya and Zongo are 
also available. 
 
4.7. Capacity Building 
 
New students involved in the IAI project are as follows. 
Vanesa Jimenez, an archeological student, is currently involved in studies of dendrochronology 
and paleoclimatology. 
Hortensia Santander, a student in biology, is being trained in the preparation and measurement 
of tree-ring parameters. 
Irina Pavlova, a doctoral student at the  RAS Institute of Geography, Moscow is presently  
involved in data processing and dendrochronological studies. 
 
4.8. Regional Collaboration/Networking 
 
Laboratory of Dendrochronology, CRICYT, Mendoza, Argentina  
National Climate Change Programme (PNCC)  
International Geosphere Biosphere Programme (IGBP) 
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4.10. Policy Relevance 
 
Commitment of government institutions to support university in the scientific research of climate 
change.  
 
Creating the Climate Change Programme by the Universidad Mayor de San Andres. 
 
4.11. Main Conclusions 
Water resources in the Cordillera Occidental maintain wetlands that are grazing places for 
llamas, alpacas and vicuñas which are the only livelihood of small populations of the region. The 
retreat of glaciers in the Eastern Cordillera has a direct impact on the availability of water for 
human consumption and hydropower generation in the cities of La Paz and El Alto. 
 
4.12. Work Plan for Next Year with Associated Cost 
 
For the third year of the project, our objectives are as follows:  
 
Quantification of water resources in the areas of Volcán Caquella and Uturuncu.  
Analysis of the impacts of climate changes on these water resources, considering that there is no 
recharge by rainfall. In the Eastern Cordillera, our activities will examine the impact of climate 
change on socio-economic activities and biodiversity. 
At IHH, Carlos Elmos (Ph.D. student working on models of management in water 
resources) and Fabiola Ledezma (an engineering student working on hydro- glaciological models 
and digital photogrammetric models) will be supported from IAI funds. 
The main activities will be consolidation of the glaciological, hydrological and 
management of water resources models and bi-national collaboration (Bolivia-Belgium) to 
determine glacier thicknesses by means of RES (Radio Echo Sounding).  In addition we will 
install and monitor a glaciological stake network on Tuni glaciers, carry out restitution of aerial 
photography from the 2008 flight in the Mururata - Takesi Valley and undertake hydro-
glaciological modeling for the Takesi Valley – Palca watersheds. 
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5.3. Research Activities and Findings 
The activities by PI Vuille are funded through US-NSF (EAR 0519415), which will come 
to an end January 2009. In this project, we proposed to simulate climate variability and change in 
the Andes under both present-day conditions (1961-90 and 1958-2001) and two different IPCC-
SRES emission scenarios, A2 and B2 (2071-2100), with two regional climate models (PRECIS 
and RegCM) to gain a better understanding of how future climate change might affect tropical 
Andean glaciers. In addition we suggested using these models to feed a tropical glacier-climate 
model (ITGG 2.0) to simulate how glacier mass balance will be affected by future climate 
change. The simulated present-day mass balance of selected glaciers would then be compared 
with observational records from the tropical Andes to verify the accuracy of our results. To gain 
a better understanding of the consequences of glacier retreat, the ITGG 2.0 model would also be 
used to simulate changes in runoff from Andean watersheds. 
 
At the end of the second year of the project we have accomplished the following tasks:  
1) We have finished running the regional climate model simulations with the model 
PRECIS for the control run (1961-90), the modern reanalysis –driven run (1958-2001) to be used 
for validation purposes and the IPCC-SRES A2 and B2 scenarios (2071-2100). We also 
suggested in our proposal to repeat all runs using a second climate model (RegCM3). This will 
not happen within the current NSF-funded project due to time constraints, but the PI has 
submitted a follow-up proposal to NSF which includes such a second set of simulations with 
RegCM3. 
                                                 
1
 Now at Department of Earth and Atmospheric Sciences, University of Albany, SUNY, 1400 Washington Avenue, 
Albany NY 12222, phone 1-518-442-4472, fax 1-518-442-5825, e-mail mathias@atmos.albany.edu 
2
 Now at Instituto de Silvicultura, Universidad Austral de Chile, Valdivia. 
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2) Rocío Urrutia, a master’s student from Chile, funded through a Fulbright fellowship, 
recently finished her thesis entitled “Assessment of 21
st
 century climate change projections in 
tropical South America and the tropical Andes”. Her study presented new insights into the most 
important changes in climate that might be expected in tropical South America, but especially in 
the tropical Andes, at the end of the 21
st
 century. Results are provided by the comparison of two 
Regional Climate Model (RCM) simulations based on the Hadley Center Regional Climate 
Modeling System, PRECIS. A medium-high CO2 emission scenario simulation for the period 
2071-2100 (Intergovernmental Panel on Climate Change, IPCC-SRES scenario A2) is compared 
to a base-line mean climate state simulation for the 1961-1990 period. In addition, some results 
using a low-medium CO2 emission scenario (IPCC-SRES scenario B2) are also presented for 
comparison. 
 Results show a clear warming trend over the region with values reaching up to 
approximately 7º C in Cordillera Blanca (the Andes of Peru) in the A2 scenario. Precipitation 
presents a mixed pattern of increases and decreases across the Cordillera, and a decrease in 
relative humidity is expected for most of the highlands at the end of the century. Warming is 
expected to be larger at higher elevations and more pronounced along the eastern than the 
western slope of the Andes. Significant changes in temperature variability are expected along 
both slopes of the Cordillera in the A2 scenario. In addition both scenarios (B2 and A2) show an 
amplification of free tropospheric warming at higher altitudes, and especially towards the tropics. 
Pressure-longitude cross-sections of zonal winds and vertical velocities at the latitudes of the 
Altiplano and the Cordillera Blanca show weakened mid- and upper tropospheric easterlies and 
strengthened westerlies in the A2 scenario. This change in the atmospheric circulation is 
conducive to a decrease in precipitation in those areas, and consequently may negatively impact 
glacier mass balance. In summary the results obtained reveal that anthropogenic climate change, 
as predicted with the A2 scenario, may constitute a serious threat to the survival of many tropical 
glaciers along the Andes Cordillera. 
 In year 3 the focus will be on completing model validation, publishing the results from 
Urrutia’s thesis and starting the climate glacier-modeling with the Innsbruck glacier model.  
 
5.5. Publications  
 
Urrutia, R., 2008: Assessment of 21
st
 century climate change projections in tropical South 
America and the tropical Andes. M.S. thesis, University of Massachusetts, 148 pp. 
 
Vuille, M., and J.P. Milana, 2007: High-latitude forcing of regional aridification along the 
subtropical west coast of South America. Geophysical Research Letters, 34, L23703, 
doi:10.1029/2007GL031899. 
 
Vuille, M., G. Kaser, and I. Juen, 2008: Glacier mass balance variability in the Cordillera 
Blanca, Peru and its relationship with climate and the large-scale circulation. Global and 
Planetary Change, 62(1-2), 14-28. doi:10.1016/j.gloplacha.2007.11.003. 
  
Vuille, M., B. Francou, P. Wagnon, I. Juen, G. Kaser, B.G. Mark, and R.S. Bradley: Climate 
change and tropical Andean glaciers – Past, present and future. Earth Sci. Rev., doi: 
10.1016/j.earscirev.2008.04.002, (in press). 
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st
 century climate change projections in the 
tropical Andes. American Geophysical Union Fall Meeting, San Francisco, Dec. 10-14, 
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Cornell University, Ithaca, October 3, 2007. 
 
Vuille, M., 2007 (INVITED): Climate Change in the tropical Andes. The Wonder of Science - 
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 58 
Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
 
CRN II Annual Technical Report, 2007-2008 
 
6: BRAZIL, July, 2008 
 
E. Campos (Instituto Oceanográfico – Universidade de São Paulo) 
 
6.1. Project Title, Project Number, Principal Investigator, Key Words  
 
Project Title Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
Project Number: CRNII-047 
Principal Investigator: Dr. Brian H. Luckman 
CoPIs: Edmo Campos   
 
Key Words: Tree-ring chronologies, sea surface temperatures.  
 
6.3. Activities and findings  
ENSO events are responsible for strong interannual variability of the global climate and, 
in particular, of precipitation regimes. Recent studies have shown that the characteristics of the 
ENSO events could change in response to increasing greenhouse gases (Vecchi et al. 2008). 
Thus, it is mandatory that we first understand how ENSO events affect the atmospheric 
circulation and precipitation patterns in today’s conditions. Within the framework of the IAI 
CRN 2047, we are investigating the relative importance of the Atlantic sea surface temperatures 
anomalies (SSTA) during El Niño years on the atmospheric circulation of the South America for 
the period of 1958-2001. 
Past studies have suggested the existence of an atmospheric bridge, in which the 
anomalous warming in the eastern equatorial Pacific causes a tropospheric warming that 
propagates eastward to the tropical North Atlantic. This stabilizes the environment,  reducing the 
moist convection there (Hastenrath 2006), with consequences for the climate of northern South 
America and the African monsoon (ITCZ meridional migration). But little is known about the 
relationships between the South Tropical and South Atlantic oceans and ENSO events. In fact, 
earlier studies could not find significant correlation between SSTA in the equatorial and South 
Atlantic oceans and ENSO events (Zebiak 1993; Enfield and Mayer 1997). Our preliminary 
results have shown that out of the 12 warmest ENSO events (El Niño) during the period 1958-
2001, the equatorial Atlantic (ATL3) presented negative SSTA in 6 events (1965-66, 1069-70, 
1976-77, 1982-83, 1986-87, 1991-92) and positive SSTA in the other 6 events (1963-64, 1968-
69, 1972-73, 1987-88, 1994-95, 1997-98). Composites of SSTA for cold and warm Atlantic 
SSTA cases show that during the mature phase of El Niño (NDJ), the SSTA differences extend 
as far south as 45°S in the South Atlantic with the greatest differences occurring in the 
equatorial South Atlantic (Figure 6.1). 
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Atmospheric heating associated with convection induces the atmospheric convergence-
divergence that drives atmospheric vertical motion and circulation (Hastenrath 2001). Therefore, 
we expect that cold and warm Atlantic SSTA cases have different effects on the atmospheric 
circulation. We also investigate changes in the thermally driven Walker and Hadley Cells by 
analyzing composites of velocity potential and divergent wind in November for both cases 
(Figures 6.2 and 6.3). Centers of low (high) velocity potential are associated with convergent 
inflow (divergent outflow). There are statistically significant differences between the two cases 
in the atmospheric circulation not only over the South Pacific and South Atlantic but also over 
the South America. These different responses should generate different precipitation regimes 
over the South America. The questions that we would like to answer are: 1) Are these different 
SSTA conditions capable of generating different precipitation regimes over South America? 2) 
Are the different Atlantic SSTA conditions related to the ENSO or are they due to internal 
variability of the Atlantic? 3) If they are related to ENSO, how does that happened, by a direct 
atmospheric bridge through changes in the Walker Cell or by an indirect extra-tropical 
atmospheric route in which El Niño events could affect the South Atlantic SSTA as a result of 
atmospheric teleconnection by Rossby wave propagation? We intent to conduct a set of sensitive 
experiments using a coupled ocean-atmosphere general circulation model (Speedy-MICOM) in 
order to answer these questions. References 
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Figure 6.1. SST anomaly (°C) in NDJ composites: El Niño years in which ATL3 SSTA are (a) 
negative (“Cold”) and (b) positive (“Warm”). Cold ATL3 minus Warm ATL3 El Niño year 
composites of SSTA in NDJ (c). (ATL3 index is defined as SST anomalies averaged over 3°N-
3°S and 20°W-0°E.) Solid and dashed lines in (c) encompass areas where the difference between 
the means of the anomalies in Cold and Warm El Niño years are statistically significant at 95% 
and 90% confidence levels, respectively. 
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Figure 6.2. Composites of El Niño years in which ATL3 SSTA are negative in November 
(“Cold”): (a) 200-mb velocity potential anomalies (10
6
 m
2
 s
-1
) and divergent wind anomalies (m 
s
-1
); (b) same as (a) except for 850 mb; (c) 500-mb vertical velocity anomalies (10
-4
 mb s
-1
). We 
have chosen 200, 500, and 850 mb levels to represent the upper, mid-, and lower troposphere, 
respectively. 
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Figure 6.3. Same as Figure 6.2, except for El Niño years in which ATL3 SSTA are positive in 
November (“Warm”). Dashed and solid lines encompass the regions where the differences 
between Cold and Warm ATL3 composites are statistically significant at the 95% and 99% 
confidence level. 
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7.2. Project Funding 
During the current year Luckman received a grant of $US 10,000 from IAI to facilitate the 
attendance of young South American Scientists at the Ameridendro Conference in Vancouver, 
British Columbia, in June 2008. Funding from NSERC awarded last year continues and supports 
research activities that parallel the goals of the CRN. 
 
7.3. Research Activities and Findings 
 The research activities at UWO involve studies in both South America and Canada. Two 
doctoral theses have been completed in the last year by Juan Carlos Aravena (August 2007) and 
Mariano Masiokas (January 2008). Juan Carlos returned to CEQUA in Punta Arenas in August, 
2007 to resume his teaching and research activities, including development of a new 
paleoecological laboratory at CEQUA (see 9.7c, below). An article summarizing the analysis of 
precipitation records for southern South America (45° to 56°S) has been accepted in the 
International Journal of Climatology (Aravena and Luckman , in press) and a paper on his doctoral 
tree-ring work has been submitted to Quaternary Research. Dr Aravena presented a summary of 
his glacier work at Santa Inés at the December, 2007 AGU meeting in San Francisco.  
 Mariano Masiokas has been supported directly from IAI funds and also as a post-doctoral 
fellow from NSERC monies in 2008. Several papers from the thesis have been published 
(Masiokas et al., 2006, 2008) or are in press (Masiokas et al. in press). A paper on the Little Ice 
Age glacial history of Monte Tronador will be submitted to The Holocene in August 2008. These 
last two papers discuss several glacier advances of the past centuries in the south and north 
Patagonian Andes, some of which were previously undocumented. The resulting Little Ice Age 
(LIA) and post-LIA chronologies of glacier events are among the most detailed available for the 
Patagonian Andes. In his thesis Dr. Masiokas also developed a “glacier mass balance proxy” 
series from instrumental records and used independent climate and streamflow data, plus 
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comparisons with record of 20th century glacier advances, to validate the regional 
representativeness of this proxy series at inter-annual and inter-decadal timescales. Subsequently, 
an extensive multi-species network of tree-ring width chronologies from NW Patagonia was used 
to reconstruct this series over the past 520 years. This is the first attempt to develop glacier mass 
balance reconstructions from tree-ring records in the Southern Hemisphere and employed quite 
different techniques than earlier, Northern Hemisphere, studies. The results show the great 
potential for dendroclimatological investigations to provide baseline information that places 20th 
century glacier and hydro-climatic variations in a long term perspective. The annually resolved 
reconstructed record is significantly more detailed than the few, presently available, low resolution 
LIA glacier histories for this region.  
Dr. Masiokas is currently working on the analysis of intra- to multi-decadal variations in 
snowpack and streamflow records in the Andes of Chile and Argentina between ~30° and 37°S. 
These studies are an important contribution to understanding long term variability of water 
resources in the adjacent regions of central Chile and central-western Argentina.  
From January to July 2008 Dr. Luckman was on sabbatical leave and carried out 
fieldwork in Argentinean Patagonia with a team from IANIGLA led by Dr. Villalba. This 
included visits to Glaciar Frías in northern Patagonia and several glaciers in the Fitz Roy area in 
southern Patagonia that had been previously studied by Masiokas and other IANIGLA 
researchers. These visits included discussions with Dr Irene Garibotti of IANIGLA on the 
application of lichenometry at these sites.    
 In Canada research work had focused on the Yukon and Canadian Rockies and is funded 
by NSERC. In the Yukon, significant attention has been focused on the question of “divergence” 
the apparent loss of temperature sensitivity in tree-ring chronologies at several northern sites, 
possibly due to increased moisture stress with rising temperatures (although several possibilities 
have been proposed see D’Arrigo et al, 2007, Wilmking et.al 2004 and references therein1). Sean 
Earles has carried out a study of tree-ring series in 23 spruce chronologies in the Northern Yukon 
and will defend his M.Sc. thesis in September, 2008. Although several of these sites show good 
relationships with summer temperatures in the earlier 20th century, most show strong negative 
relationships with temperatures of the previous summer and poor relationships with current 
summer in the latter half of the 20th century. At some sites there is also evidence of differing 
responses to climate by sub-populations of trees at the same site. Both of these results are of some 
concern as they challenge the assumption of temporal stability in tree ring-climate relationships 
that are central to dendroclimatology. Luckman attended and contributed to discussions of this 
issue at AGU (Luckman et al, 2007) and in a panel discussion at Ameridendro in June 2008. 
Presently initiatives are being planned to look at the divergence issue with a team of 
dendrochronologists from Germany, Canada and the USA. Recently, however, Youngblut and 
Luckman (2008) have published a reconstruction of summer temperatures for SW Yukon that does 
not show a loss in temperature sensitivity in the late 20th century. Additional studies by Dr Emma 
Watson on the millennial length Landslide chronology show varied relationships with other 
                                                 
1
 D’Arrigo, R.D., Wilson, R., Liepert, B. Cherubini, P., 2007.  On the ‘Divergence Problem’ in Northern Forests: A 
Review of the tree-ring evidence and possible causes.  Global and Planetary Change: doi: 
10.1016/j.gloplacha2007.03.004. 
Wilmking, M., Juday, G., Barber, B. and Zald, H., 2004. Recent climate warming forces contrasting growth 
responses of white spruce at treeline in Alaska through temperature thresholds. Global Change Biology, 
10(10): 1724-1736. 
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spruce chronologies in the Yukon, indicating it is sometimes in-phase and other times out of phase 
with the regional patterns of growth. 
 In the Canadian Rockies ongoing research has focused on hydroclimate issues. Mike 
Kenigsberg completed his comprehensive examinations in 2008 and his doctoral research focuses 
on paleolimnological and dendrochronological studies of hydroclimate variability in the Jasper 
region. Mike’s principal supervisor is Dr Katrina Moser. Cores have been obtained from several 
small lakes and are being processed for diatom and sedimentological analyses. Three new, 
relatively short, Douglas-fir tree-ring chronologies were also obtained from this region in 2007 to 
update the chronologies sampled in the 1990s. Heather Haines is a new M.Sc. student who is 
working on changing flow regimes of the Athabasca and Bow Rivers during the 20th Century. She 
is presently assembling an appropriate data base for these analyses. As the Athabasca River is the 
main river of the Jasper area these two studies are highly complementary and tackle several of the 
scientific issues addressed by the CRN. 
 Recent studies by Luckman involve mapping and study of the annual moraines at the 
Athabasca Glacier which offer the potential of a high resolution picture of glacier recession over 
the last half century. In conjunction with Dr Brian Menounos and Matthew Biddle from the 
University of British Columbia he is carrying out studies of a superb sequence of annual moraines 
at Castle Mountain Glacier in the Cariboo Mountains (Figure 7.1). Mapping of these moraines and 
comparison with meteorological and local tree-ring records should yield interesting proxy mass 
balance data for this glacier which may have regional significance.  
 As part of his post doctoral work, Dr. Masiokas has been working with tree-ring width 
measurements from subfossil stumps collected at Robson Glacier, British Columbia dating 
between ca. 3300-3700 and 4800-5200 14C yr BP. After many unsuccessful attempts, 54 of the 82 
younger trees have been crossdated into a 457 year long “floating” chronology that indicates they 
died during a single glacier advance over 3500 years ago. This has clarified the glacier history at 
this site which is the most complete in the Canadian Rockies. Luckman has also recently reviewed 
the Little Ice Age glacier history in the Canadian Cordillera as part of a major review of Holocene 
glacier records arising from the 2007 INQUA Congress (Menounos et al., submitted). 
 
7.4. Contributions of Co-PIs 
 Luckman’s main contributions have been to the organization and administration of the 
CRN including the 4th South American Fieldweek and securing funds for the Ameridendro 
Conference. There have also been several meetings attended with or on behalf, of IAI. Dr 
Shrubsole has had little involvement over the past year due to administrative duties and the 
organization of a new Graduate Programme on Environment and sustainability at UWO.  Dr 
Watson has also had limited involvement as she recently delivered her first child. 
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7.5. Publications  
 
Refereed Journals 
 
Published 
 
Wilson, R., R. D’Arrigo, B. Buckley, U. Buntgen, J. Esper, D. Frank, B. Luckman, S. Payette, R. 
Vose, and D. Youngblut (2007). A matter of divergence: Tracking  recent warming at 
hemispheric scales using tree ring data. Journal of Geophysical Research, 112, D17103, 
doi:10.1029/2006JD008318. Published online Sept 11, 2007. 
 
Youngblut, D.K. and Luckman B.H. 2008. Maximum June-July temperatures in the southwest 
Yukon Region over the last three hundred years reconstructed from tree-rings. 
Dendrochronologia, 25, 153-166. 
 
Villanueva, D.J., D.W. Stahle, B.H. Luckman, J. Cerano P., M.D. Therrell, R. Morán M. 2007. 
Potencial dendrocronológico de Taxodium mucronatum Ten. Y acciones para su 
conservación en México. Ciencia Forestal en México, 32, 9-38. 
  
Menounos, B, Clague J.J., Osborn G., Luckman B.H., Lakeman T.R. and Minkus, R. 2008. 
Western Canadian glaciers advance in concert with climate change ca 4.2 ka. 
Geophysical Research Letters 35, L07501,doi:10.1029/2008GL033172.  
 
In Press 
 
Masiokas, M. H, Luckman, B.H.; Villalba, R.; Delgado, S.; Skvarca, P. and Ripalta, A. Little Ice  
Age fluctuations of small glaciers in the Monte Fitz Roy and Lago del Desierto areas, 
south Patagonian Andes, Argentina. Palaeogeography, Palaeoclimatology, 
Palaeoecology. 
 
Edwards, T.W.D, Birks, S.J., Luckman, B.H. and MacDonald, G.D. Climatic and  hydrologic 
variability during the past millennium in the eastern Rocky Mountains and northern Great 
Plains of western Canada. Quaternary Research. 
 
Aravena, JC and Luckman B.H. Spatio-temporal rainfall patterns in southern South America. 
International Journal of Climatology. 
  
Submitted 
 
Menounos, B, Clague J.J., Osborn G.D. and Luckman B.H. Holocene and Latest Pleistocene 
Glacier Fluctuations in the Canadian Cordillera. Submitted to Quaternary Science 
Reviews, May 2008.  
 
Clague J.J., Menounos, B, Osborn G.D., Luckman B.H. and Koch J.  Nomenclature and 
resolution in Holocene Glacial Chronologies. Submitted to Quaternary Science Reviews. 
May, 2008. 
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Books  
 
Orlove, B., E. Weigand and B.H. Luckman (eds) 2008 “Darkening Peaks: Glacier Retreat, 
Science and Society”, University of California Press, 272 p. 
 
Book Chapters (* Refereed Conference Proceedings) 
 
Pederson, Greg, Cathy Whitlock, Emma Watson, Brian Luckman, and Lisa Graumlich. 2007. 
Paleo-Perspectives on Climate and Ecosystem Change. Chapter 10 in Tony Prato and 
Dan Fagre (eds): Sustaining Rocky Mountain Landscapes: Science, Policy and 
Management of the Crown of the Continent Ecosystem, Browse Books, RFF (Resources 
for the Future) Press, Washington D.C. 151-170. 
 
Ingram, J,* Stone, J., Confalonieri, U., Garvin, T., Jutro, P., Klink, C., Luckman, B. H., 
Noellemeyer, E., and de Toledo, P.M.  2007. Delivering Global Environmental Change 
Science to the Policy Process. In  Tiessen,  H, Brklacich, M. , Breulmann  G. and 
Menezes, R. S. C. (eds) “Linking the Sciences of Environmental Change to Society and 
Policy - Lessons from 10 years of research networks in the Americas” SCOPE 68, Island 
Press, Washington D.C.  p. 35-44. 
 
Luckman B.H. 2007.* The CRN experience: A view from the mountains. In Tiessen, H, 
Brklacich, M., Breulmann G. and Menezes, R. S. C. (eds) “Linking the Sciences of 
Environmental Change to Society and Policy - Lessons from 10 years of research 
networks in the Americas”  SCOPE 68, Island Press, Washington D.C. p. 119-128. 
 
Watson, E., Pederson, G.T., Luckman, B.H. and Fagre, D.B 2008 Glacier mass balance in the 
northern U.S. and Canadian Rockies: paleo-perspectives and 20th century change. In 
“Darkening Peaks: Glacier Retreat, Science and Society”, University of California Press, 
p. 141-153. 
 
In press 
 
Villalba, R., Luckman, B. H., Boninsegna, J.A., D'Arrigo, R.D., Lara, A., Villanueva-Diaz, J., 
Masiokas, M., Argollo, J., Soliz, C., LeQuesne, C., Stahle, D., Roig, F., Aravena, J.C., 
Wiles, G., Hartsough,  P., Wilson, R.J.S., Watson, E., Cook, E.R., Cerano-Paredes, J., 
Therrell, M. , Cleaveland, M., Morales, M.J., Moya, J., Pacajes, J., Massacchesi, G., 
Biondi, F.,  Urrutia, R., and Martinez Pastur, G. Dendroclimatology from regional to 
continental scales: Understanding regional processes to reconstruct large-scale climatic 
variations across the Western Americas. In Hughes, M.K., Swetnam, T.W. and Diaz, H.F. 
(eds.) Dendroclimatology: Progress and Prospects, Springer. resubmitted May 2008   
 
Reports  
 
Luckman B.H. (ed) 2007. Documenting, understanding and projecting changes in  the 
hydrological cycle in the American Cordillera: IAI Collaborative Research Network 
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2047. Report of activities carried out between April 2006 and July 2007. Revised August 
2007 Submitted to the Inter-American Institute for Global Change Research, São José 
dos Campos, Brazil, 21 August 2007. (iii) + 104 p. 
 
Luckman B.H. 2007. Introductory Remarks and Overview. In Luckman B.H. (ed.) Documenting, 
understanding and projecting changes in  the hydrological cycle in  the American 
Cordillera. IAI CRN2047 Revised Annual Report, August 2007. p. 1-8.  
 
Luckman B.H.  2007. Overview. In Luckman B.H. (ed.) Documenting, understanding and 
projecting changes in the hydrological cycle in the American Cordillera. IAI CRN2047. 
Revised Annual Report, August 2007. p. 9-15.  
 
Luckman B.H. 2007 Canada (UWO). In Luckman B. H. (ed) Documenting, understanding and 
projecting changes in the hydrological cycle in the American Cordillera: IAI CRN2047. 
Annual Report July 2007. pp 47-55. (pp 54-62 in Revised Report, August 2007). 
 
Luckman, B. H., Kenigsberg, M., Moser, K. and Watson E. 2007. Field Investigations in the 
Canadian Rockies in 2006 and 2007. Report Submitted to Parks Canada, Jasper and 
Mount Robson Provincial Park, B.C., June 2007. 12 p.  
 
Villanueva- Diaz, J. Cerano-Paredes J., Stahle, D.W., Therrell, M.D., Vázquez Salem, L, Morán 
Martinez , R and Luckman B.H. 2006 Árboles viejos del Centro-norte de México. 
Importancia Ecológica y Paleoclimática. INIFAP, Folleto Cientifico 20,  Gómez 
Palacio, Durango, México. 46 p.  
 
Luckman B. H. (ed) 2008 Program with Abstracts IAI CRN 2047  Documenting, Understanding 
and Projecting Changes in the Hydrological Cycle in the American Cordillera, 2nd 
Annual Science Meeting, San Carlos, Argentina, 30 March-April 3, 2008, 28p.  
 
Abstracts, Short Notes 
 
Villanueva-Díaz, J., Cerano-Paredes, J., Stahle, D.W., Therrell, M.D., Luckman, B.H. 2007. 
Long-term winter-spring precipitation variability in northern Mexico by using tree rings. 
IAWA, The Pan-American Regional Group. Abstract. p. 26. July 15-20, 2007. San Luis 
Potosí, Mexico. 
 
Luckman B.H. Holocene Glacier fluctuations in the central Canadian Rockies. Session 
“Holocene and latest Pleistocene alpine glacier fluctuations”. XVII INQUA Congress, 
Cairns, Australia. 28 July - 3 August 2007. Quaternary International, 167-8 supplement, 
p. 254. 
 
Kenigsberg , M.R. and Luckman, B.H. 2007 Preliminary Climate Reconstructions from 
Subalpine Fir Tree Rings in the Canadian Northwest. 6th International NCCR 
Climate School. "Land Surface – Atmosphere Interactions in a Changing Climate" 26-31 
August 2007, Grindelwald, Switzerland. 
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Villanueva Díaz, J., D.W. Stahle, B.H. Luckman, J. Cerano Paredes, M.D. Therrell. 2007. 
Respuesta climática del ahuehuete (Taxodium mucronatum Ten.) en México y su 
potencial para el desarrollo de cronologías milenarias. Resumen. VIII Congreso 
Mexicano de Recursos Forestales. October 28th to 31st, 2007. Morelia, Michoacán, 
Mexico. 
 
Villanueva Díaz, J., Cerano Paredes, J., Luckman, B.H., Stahle, D.W., Estrada Avalos, J., 
Sánchez Cohen, I. 2007. Variabilidad hidroclimática histórica de la Comarca Lagunera e 
impacto en actividades productivas. Trabajo in Extenso de la Memoria Oportunidades y 
retos de la ingeniería agrícola ante la globalización y el cambio climático. Unidad 
Regional Universitaria de Zonas Áridas, Universidad Autónoma de Chapingo, 
Bermejillo, Durango. p. 2-12. November 6-9, 2007. Bermejillo, Durango, Mexico. 
 
Villanueva Díaz, J., J. Cerano Paredes, V. Constante García. 2007. Variabilidad hidroclimática 
histórica reconstruida con anillos de árboles para la Sierra de Zapalinamé, Coahuila. 
Trabajo in Extenso en Memoria de la XIX Semana Internacional de Agronomía FAZ-
UJED. Noviembre, 2007. Gómez Palacio, Durango, México. p. 805-810. November 28-
30, 2007. Gómez Palacio, Durango, Mexico. 
 
Luckman, B.H. Earles, S., Morimoto, D., Watson, E and Kenigsberg, M.R. 2007. Divergence in 
Ringwidth Chronologies from the Yukon Territory, Canada. Special Session: PP04 “The 
Divergence Problem in Northern Forests”. Fall Meeting, American Geophysical Union, 
San Francisco, December 10-14, 2007. Abstract p. 54a-05.  
 
Aravena J.C. and Luckman B.H. 2007. Glacier fluctuations during the last 400 years at Mount 
San Lorenzo and Santa Inés Island, southern Chile. Global Change Session (Poster), Fall 
Meeting, American Geophysical Union, San Francisco, December 10-14, 2007. Abstract 
GC13A-0936.  
 
Luckman, B. H. 2008 Changing climate and hydrologic variability in the Cordillera of the 
Americas. Symposium on Climate Change and Biodiversity in the Americas, 
Smithsonian Tropical Research Institute (STRI), Panama, 25-29 February 2008. p. 33. 
 
Luckman, B.H. and Watson, E. 2008 Tree-ring reconstructions of hydroclimate for the southern 
Cordillera. Workshop “Past and Future Hydroclimatic Variability: Applications to Water 
Resource Management in the Prairie Provinces”, Canmore, Alberta, 16-18 March, 2008. 
 
Villanueva-Diaz, J., D.W. Stahle, J. Cerano-Paredes, B.H. Luckman, M.D. Therrell. 2008. 
Hydroclimatic response of Douglas-fir (Pseudotsuga menziesii) chronologies for northern 
Mexico. In Luckman B.H. 2008 Program with abstracts IAI CRN2047 - Second Science 
Meeting. San Carlos, Argentina. March 30 - April 3, 2008. p. 10. 
 
Luckman, B.H., S. Earles, D. Morimoto, E. Watson and M. Kenigsberg., 2008. Dendroclimate, 
dendrohydrology and glacier studies in the Canadian Cordillera. In Luckman B.H. 2008. 
Program with abstracts IAI CRN 2047 - Second Science Meeting. San Carlos, Argentina. 
March 30- April 3, 2008, p. 16. 
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Luckman, B.H. 2008. What do water managers need from proxy data? - some lessons from the 
Canmore Meeting. In Luckman B.H. 2008 Program with abstracts IAI CRN 2047 – 
Second Science Meeting. San Carlos, Argentina. March 30- April 3, 2008, p. 27. 
 
Masiokas, M.H.; Luckman, B.H.; Villalba, R.; Delgado, S.; Skvarca, P.; Ripalta, A., 2008. 
Dendrochronological Techniques and Glacier Mapping Based on Satellite Images 
Applied in Patagonia, Argentina. In Luckman B.H. 2008. Program with abstracts IAI 
CRN 2047 - Second Science Meeting. San Carlos, Argentina. March 30 - April 3, 2008, 
p. 20. 
 
Luckman B.H. 2008. Shrinking Glaciers- some observations from Western Canada. European 
Geophysical Union, Vienna, April 13-18th, 2008. 
 
Villanueva-Diaz, J., D.W. Stahle, J. Cerano-Paredes, B.H. Luckman, M.D. Therrell. 2008. Tree-
ring reconstructed winter-spring precipitation for the Sierra Madre Occidental, Mexico. 
Abstract, Annual Meeting Association of American Geographers, Boston, Massachusetts, 
USA. April 15-19, 2008. 
 
Luckman B.H., Clague J.J., Earles S. and Van Dorp R.D. 2008. A tale of two lakes: 
Dendrogeomorphic dating of beaches in the Yukon Territory. CAG Annual Conference, 
Quebec City, May 20-24, 2008, Abstract Volume p. 87.  
 
Luckman, B.H. and CRN2047 members. 2008. IAI CRN 2047: Documenting, understanding and 
projecting changes in the hydrological cycle in the America Cordillera – an overview. 
MTNCLIM 2008, Silverton, Colorado. June 9-12, 2008, p. 20.   
 
Luckman B.H. 2008 Dendrochronology across the Americas - an Interhemispheric Perspective. 
2008. Program with abstracts, Ameridendro meeting, Vancouver, June 23- 27, 2008.  
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reconstruction? Program with Abstracts, Ameridendro, Vancouver, June 23-27, 2008.  
 
Villalba, R., Masiokas, M. H., Lara, A., Luckman , B.H., Morales, M.,  Christie, D., LeQuesne, 
C., Boninsegna, J. A. and Aravena, J.C. 2008. Climate variations in the extratropical 
Andes during the past millennium: The contribution of high-resolution proxy records. 
EGU 4th Alexander von Humbolt International Conference. “The Andes: Challenge for 
Geosciences” Santiago de Chile, 24-28 November, 2008.  
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Theses 
 
Aravena J.C. 2007. Reconstructing Climate Variability using Tree Rings and Glacier 
Fluctuations in the Southern Chilean Andes, Ph.D. Thesis, UWO, August 2007. 222 
pages. 
 
Masiokas, M.H. 2008 Climate and Glacier Variability during Past Centuries in the North and 
South Patagonian Andes of Argentina. Ph.D. Thesis, UWO, January 2008, 268 pages.  
 
Presentations (* Invited) 
 
Luckman B.H. 2007.* Holocene Glacier fluctuations in the central Canadian Rockies. Session 
“Holocene and latest Pleistocene alpine glacier fluctuations” XVII INQUA Congress, 
Cairns, Australia, 2 August 2007.  
 
Luckman B.H. 2007. Glaciers, tree rings and climate change in the Central Canadian Rockies. 
Brewster Staff Facility, Columbia Icefield, 27 August, 2007.   
 
Luckman, B.H. Earles, S., Morimoto, D., Watson, E and Kenigsberg, M.R. 2007. Divergence in 
Ringwidth Chronologies from the Yukon Territory, Canada. Special Session: PP04 The 
“Divergence Problem” in Northern Forests. Fall Meeting, American Geophysical Union, 
San Francisco, December 14, 2007. 
 
Luckman B.H. 2007. Glacier change in the Canadian Rockies. Department of Geography. 
Presentation Series, UWO.12 October, 2007. 
 
Luckman B.H. 2007. Climatic and Hydrologic Variability in the American Cordillera: An 
overview of the IAI Projects. Department of Geography, University of St. Andrews, 
Scotland. December 19, 2007.  
 
Luckman B.H. 2008* Dendroglaciology. 4th South American Dendroecological Fieldweek, 
Puerto Blest, Argentina, January 15, 2008.  
 
Alsina, Mabel, Paulina Rojas, Alejandro Casteller, Jean Pierre Francois and Brian Luckman. 
2008. Reconstructing snow avalanche history using tree rings at Lago Cántaros, Puerto 
Blest. 4th South American Dendroecological Fieldweek, Puerto Blest, Argentina, January 
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Luckman B.H. 2008. IAI and the Power of Tree Rings. 4th South American Dendroecological 
Fieldweek, Puerto Blest, Argentina, January  20, 2008.  
 
Luckman B.H. 2008* “Update of Activities, IAI CRN 2047”. IAI CRN II & SGP-HD PI 
Meeting, Panama City, 21 February, 2008. 
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Luckman B.H. 2008* Changing climate and hydrologic variability in the Cordillera of the 
Americas. “Climate Change and Biodiversity in the Americas” Conference, Smithsonian 
Institute for Tropical Research, Panama City, Panama, 26 February 2008.  
 
Luckman, B.H. and Watson, E. 2008* Tree-ring reconstructions of hydroclimate for the southern 
Cordillera. Workshop “Past and Future Hydroclimatic Variability: Applications to Water 
Resource Management in the Prairie Provinces”, Canmore, Alberta, 17 March 2008. 
 
Luckman, B.H., S. Earles, D. Morimoto, E. Watson and M. Kenigsberg. 2008. Dendroclimate, 
dendrohydrology and glacier studies in the Canadian Cordillera. IAI CRN 2047, 2nd 
Annual Science Meeting, San Carlos, Argentina, 31 March 2008.  
 
Luckman, B.H. 2008. What do water managers need from proxy data – some lessons from the 
Canmore Meeting. IAI CRN 2047, 2nd Annual Science Meeting, San Carlos, Argentina, 
1 April 2008. 
 
Luckman B.H. 2008. Shrinking glaciers - some observations from Western Canada. European 
Geophysical Union, Vienna, April 15, 2008.  
 
Luckman B.H., Clague J.J., Earles S. and Van Dorp R.D. 2008. A tale of two lakes: 
Dendrogeomorphic dating of beaches in the Yukon Territory. CAG Annual Conference, 
Quebec City , May 24, 2008.  
 
Luckman B.H. 2008* Developing Interdisciplinarity in IAI Science. SBSTA 28 Joint Side Event 
“Building joint capacities in science and policy sectors for environmental decision 
making”, United Nations Framework Convention on Climate Change, Bonn Climate 
Change Meeting, 2-14 June, 2008.   
 
Luckman, B.H and CRN2047 members. 2008. IAI CRN 2047: Documenting, understanding and 
projecting changes in the hydrological cycle in the America Cordillera – an overview. 
MTNCLIM 2008, Silverton, Colorado. June 11, 2008.    
 
Luckman B.H. 2008. Divergence in tree-ring chronologies (Panel Discussion). Ameridendro 
conference, Vancouver, June 24, 2008.  
 
Luckman B.H. 2008* Dendrochronology Across the Americas, An Interhemispheric Perspective. 
Invited Keynote Address, Ameridendro conference, Vancouver, 25 June 2008.  
 
7.6. Data 
The new data sets for precipitation and temperatures for Southern South America 
developed by Aravena and Masiokas, are presently archived at CEQUA and IANIGLA 
respectively. Tree-ring data are archived either with the institution or with the International Data 
Bank (ITRDB) 
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7.7. Capacity Building 
 
7.7a. Outreach  
Activities related to the 2006 Fieldweek, the IAI PIs meeting in Panama, the Annual 
Science Meeting and Ameridendro are reported in section 2.7a, above. During the last year 
Luckman has given several presentations that highlight or summarize the work of the CRN. This 
include presentations at the Department of Geography, University of St. Andrews, Scotland 
(December 2007), at the 4th Dendroeological Fieldweek in Puerto Blest, Argentina (January 
2008), an overview of the project at MTNCLIM 2008 (Annual meeting of the American 
Consortium for Integrated Climate Research in Western Mountains, CIRMOUNT) in Colorado 
in June 2008 and in his keynote address at AmeriDendro, Vancouver (also in June). He also gave 
an invited presentation on “Changing climate and hydrologic variability in the Cordillera of the 
Americas” at the “Climate Change and Biodiversity in the Americas” Conference, organized by 
Environment Canada and the Smithsonian which was held at the Smithsonian Institute for 
Tropical Research in Panama City  in February 2008. 
Between March 16th and 18th Luckman attended the workshop “Past and Future 
Hydroclimatic Variability: Applications to Water Resource Management in the Prairie Provinces” 
in Canmore, Alberta (organized by Dr Sauchyn, see section 8.3, below) and presented an 
overview of past hydroclimate variability in the Cordillera and its applications to water 
management in the Prairies (co-authored by Dr Emma Watson). This was one of four papers 
reviewing paleoclimate records for an audience of water managers, engineers, government 
scientists and officials. Subsequent discussion sessions reviewed possible applications and 
limitations of tree-ring data and future, model based, climate change scenario developments for 
future water management in the prairies2.   
In early June he was invited by IAI to make a short presentation  on “ Developing 
Interdisciplinarity in IAI Science” at the SBSTA3 Joint Side Event; “Building joint capacities in 
science and policy sectors for environmental decision making” at the United Nations Framework 
Convention on Climate Change Meeting in Bonn, Germany . This presentation covered some of 
the difficulties and experiences encountered by CRN03 and 2047 in developing interdisciplinary 
science and involving young scientists in interdisciplinary research (see Luckman 2007, in Scope 
68). Luckman was one of two scientists (the other was from IAI’s sister organisation, APN- the 
Asia-Pacific Network).  
 
7.7b. Students trained & scholarships 
Two doctoral theses have been completed and one doctoral student and two masters are 
in progress (see 7.3 above). All 2007-2008 UWO IAI funds have supported Mariano Masiokas. 
 
7. 8. Regional Collaboration/Networking 
Over the past 12 months we have developed collaborative links with Dr Brian Menounos 
and his students of the University of Northern British Columbia at Prince George, B.C. 
Menounos directs a large research programme examining the state of the cryosphere in the 
Cordillera that has recently completed an inventory of glaciers in British Columbia using satellite 
                                                 
2 As in the Southern Hemisphere, many Prairie rivers receive the bulk of their water from headwater sources 
dominated by snowmelt and to a lesser extent, glacier melt in the adjacent mountains. 
3  SBSTA (Subsidiary Body for Scientific and Technological Advice of the UN Framework Convention on Climate 
Change) provides information and advice on scientific issues to the Convention on climate change).   
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imagery and GIS techniques. We have collaborated in field projects at Castle Mountain (see 7.3, 
above), Athabasca Glacier and in a series of review papers on the Holocene Glacial history (see 
references). 
 
7.9. Media Coverage and Prizes 
During fieldwork in the Rockies in 2007 Luckman had interviews with two independent 
filmmakers making documentaries involving glacier change. David Lavalle was making a film 
on the Athabasca drainage system but it is not yet complete. Luckman was also interviewed 
(with Brian Menounos) by a UK team from National Geographic (Fig 7.2) for information about 
glaciers in a film about the Geology of the Rockies. Unfortunately they do not appear to have 
used that footage in their presentation which was aired on TV this spring. Luckman also 
participated in several interviews during the San Carlos Meeting in Patagonia and filming by the 
Reuter’s team at the fieldweek in Puerto Blest. During the fieldwork with IANIGLA, Guillermo 
Kruger, an independent nature film maker from Aike Sur enterprises, Argentina was shooting 
material and conducting interviews (Fig 7.3) for a forthcoming film on the glaciological work 
from IANIGLA but I have not yet seen any of this material.  
 
7. 9a. Awards   
In June 2008 Luckman was awarded the first “Harold C. Fritts Award” for Lifetime 
Achievement in Dendrochronology that was presented by the Tree-Ring Society at the First 
AmeriDendro Conference at the University of British Columbia, Vancouver. The award is 
presented to individuals who have had a significant influence on Dendrochronology, 
emphasizing innovative research that has advanced the field, distinguishing it amongst our peer 
sciences (Further details are given in section 2.7a, above). 
 
7.10. Policy Relevance 
 
See section 1.10. 
 
7.11. Main Conclusions 
 
See sections 7.3 and 1.11 above. 
 
7. 12.Work Plan for Next Year with Associated Costs  
The UWO-dedicated IAI funds will continue to be used to support summer student 
activity and research on projects related to CRN activities.  
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Figure 7.1. Annual Moraines at Castle Mountain Glacier, Cariboo Mountains, British Columbia. 
 
 
 
Figure 7.2.  National Geographic filming Luckman carrying out a GPS survey of the shoreline 
of Sunwapta Lake, Athabasca Glacier, Canadian Rockies. 
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Figure 7.3. Ricardo Villalba explaining glaciological research in a film interview at Glaciar 
Torre, Patagonia. 
 
 
   
Figure 7.4. Thomas Kitzberger leads a Fieldweek discussion at Lago Cantaros, Puerto Blest. 
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Figure 7.5. Sanding samples at the Dendro fieldweek, Puerto Blest, Argentina. 
 
 
Figure 7.6. Lidio Lopez sampling a stump in a streambank section, Río Frías, Argentina. 
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Figure 7.7.Sampling old growth forest at Glaciar Frías.  
 
 
Figure 7.8. Examining tree-ring samples at the Dendro fieldweek, Puerto Blest, Argentina. 
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Figures 7.9. Preparing to sample 1500 year old logs exposed (beneath fallen tree) in Río Frías. 
 
 
Figure 7.10. Sampling a 1500 year old log exposed (beneath fallen tree) in Río Frías. 
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Figures 7.11 and 7.12. Crossing Río Fitz Roy at Glaciar Torre, Argentina. 
 
 
 
 81 
 
Figure 7.13. Discussing interpretation of moraine sequences at Glaciar Frías, Argentina. 
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Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
 
CRN II Annual Technical Report, 2007-2008  
 
8: CANADA – Regina, July, 2008 
 
D. Sauchyn (U. Regina) 
 
8.1. Project Title, Project Number, Principal Investigator, Key Words 
 
Project Title: Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
Project Number: CRNII-047 
Principal Investigator: Dr. Brian H. Luckman 
CoPIs: David Sauchyn  
 
Key Words: Tree-ring chronologies, streamflow, precipitation reconstruction, droughts,  
water supplies and management 
 
8.3. Research Activities and Findings 
Field investigations in 2007 included sampling at the 16 sites in Alberta and 
Saskatchewan (Table 8.1). The measurement and crossdating of these tree rings is in progress. 
Two of these sites in southwestern Alberta, Oldman River and Wildcat Hills, were previously 
sampled revealing the potential for long moisture-sensitive chronologies. We returned in 2007 to 
collect subfossil wood to improve the sample depth and extent these chronologies to more than 
800 years in length. The other 14 sites are new and bring our network of tree-ring sampling sites 
in the western interior to 125 sites. The primary application of these tree-ring data is the 
reconstruction of streamflow and drought for western Canadian watersheds from a large pool of 
predictor tree-ring chronologies.  
Another significant activity in 2007 was outreach to the potential users of paleo-
hydrological records. There has been growing interest in applying the long-term perspective 
afforded by tree rings and other proxy records to contemporary water management issues. In 
response to this interest, more than 70 scientists, water managers and practioners met in 
Canmore, Alberta on March 16-18, 2008 to discuss the state-of-the-art in paleohydrology in 
western Canada. The principal goal of the workshop was to examine how this rapidly-advancing 
science might be incorporated into current science-based water management and planning in 
Alberta, Saskatchewan and Manitoba. Planners and operators identified several ways that 
paleohydrological records could be incorporated into estimates of future drought risks including 
(1) testing watershed sensitivity to past wet-dry sequences, (2) acting as comparisons to future 
hydroclimate conditions projected by global or regional climate models and (3) being used as 
qualitative inputs to water management strategies. The workshop proceedings are posted at 
http://www.parc.ca/conference_pro_080316_canmore.htm. 
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Table 8.1. Tree-Ring sites sampled in 2007. 
 
Site Prov / State Species Elev (m) Lat Long 
Beaver Creek AB Pseudotsuga menziesii 1592 49.81 -113.94 
Fightiing Lake AB Pinus banksiana 516 56.63 -119.62 
Grave Flatts AB Pinus contorta 1720 52.89 -113.94 
Hawkeye Mesa AB Pinus flexilis 1308 49.66 -113.78 
Highway 88 AB Pinus banksiana   57.24 -115.22 
Old Man River  AB Pinus flexilis 1427 49.8 -114.2 
Pepper Lake AB Pinus contorta 1590 53.42 -117.91 
Wabasca AB Pinus banksiana 586 56.05 -119.77 
White Mud Hills AB Pinus banksiana   56.4 -117.9 
Wildcat Hills AB Pseudotsuga menziesii 1351 51.3 -114.7 
Red Willow BC Pinus contorta 908 55.01 -120.11 
Cut Bank River MT Pinus flexilis 1673 48.61 -113.26 
South Milk River MT Pinus flexilis 1718 48.65 -113.26 
Fafards SK Quercus macrocarpa 503.2 50.52 -101.62 
Junction SK Quercus macrocarpa 527.6 50.53 -101.88 
Wildlife Lands SK Quercus macrocarpa 522.1 50.5 -101.72 
 
8.4. Contributions of Co-PIs 
IAI funding has been used for the past year to support Jonathan Barichivich from 
Valdivia to work in the Tree-Ring Lab at the University of Regina.  Jonathan worked with us 
from June-November, 2007 and back in Chile between December 2007 and May 2008. IN June 
2008 he returned to Regina and will work with us Until August. IN September he will take up a 
graduate studentship in the doctoral program of the University of East Anglia in England, 
working with Professor Keith Briffa.  
 
8.5. Publications  
 
Journal Publications 
 
MacDonald, Glen M., David W. Stahle, Jose Villanueva Diaz, Nicholas Beer, Simon J. Busby,  
Julian Cerano-Paredes, Julie E. Cole, Edward R. Cook, Georgina Endfield, Genaro 
Gutierrez-Garcia, Beth Hall, Victor Magana, David M. Meko, Matias Méndez-Pérez,  
David J. Sauchyn, Emma Watson, and Connie A. Woodhouse. 2008. Climate Warming 
and 21st-Century Drought in Southwestern North America. Eos, Vol. 89, No. 9, 26 
February 2008 
 
Tomkins, J.D., Lamoureux, S.F. and Sauchyn, D.J. In press. Glacial influences on sediment 
availability and climate reconstruction based on a comparison of varve and tree ring 
records from Mirror Lake, Northwest Territories. Quaternary Science Reviews. 
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Sauchyn, D., and Kulshreshtha, S.  2008. The Prairies. Chapter 7 In: “From Impacts to 
Adaptation: Canada in a Changing Climate 2007”, edited by D.S. Lemmen, F.J. Warren, 
J., Lacroix and E. Bush; Government of Canada, Ottawa, ON. 
 
Sauchyn, David and Suzan Lapp, 2008. Climate Change Scenarios for the Prairies. Advances in 
Pork Production, Volume 19: 129-136. 
 
Girardin, Martin P. and Dave Sauchyn. 2008. Three centuries of annual area burned variability in 
northwestern North America inferred from tree rings. The Holocene 18,2: 205–214. 
 
Book Chapters  
 
Sauchyn, D.J. 2007. Climate Change Impacts on Agriculture in the Prairies Region. Pages 80-93 
(Chapter 6) In Wall, E. B. Smit and J. Wandel (eds.) “Farming in a Changing Climate: 
Climate Agricultural Adaptation in Canada”, UBC Press, Vancouver. 
 
Sauchyn, D.J. and Maria Vélez Caicedo. 2007. Holocene Climate Change. In Thraves,B. et al. 
(eds.) Saskatchewan: Geographic Perspectives. CPRC Press, Regina, pp. 57-61. 
 
In press 
 
Barichivich, Jonathan; David J. Sauchyn, Antonio Lara. In press. Climate signals in high 
elevation tree-rings from the semiarid Andes of north-central Chile: responses to regional 
and large-scale variability. Palaeogeography, Palaeoclimatology, Palaeoecology. 
 
Submitted  
 
Barichivich, Jonathan; David J. Sauchyn, Antonio Lara. Tree-rings and dendrochronological 
potential of nine species in the semiarid Andes of north-central Chile: relationships with 
precipitation, streamflow and ENSO.  Journal of Arid Environments. 
 
Poster and other presentations made at meetings, conferences 
 
Sauchyn, D.J. 2008. Tree Rings as a Source of Environmental History, American Society for 
Environmental History 2008 Annual Meeting, Boise, Idaho, March 12-15, 2008. Invited 
 
Suzan Lapp, Sauchyn, D., and Jonathan Barichivich. 2008. “Validating Historical GCM 
Simulations of Climate Moisture Variability with Observed and Dendroclimatic 
Records”, Third Annual DRI Workshop January 17 -19, 2008, Calgary, Alberta 
 
Sauchyn, D., Barichivich, J., and Lapp, S., 2007. The record and forcing of paleodrought in 
western North America: extrapolation from the western US to western Canada. American 
Geophysical Union 2007 Fall Meeting, San Francisco, December 10-14, 2007. 
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Lapp, S., Barichivich, J., and Sauchyn, D. 2007. Validating Historical and Future GCM 
Simulations of Climate Moisture Variability with Observed and Dendroclimatic Records. 
American Geophysical Union 2007 Fall Meeting, San Francisco, December 10-14, 2007. 
 
Lapp, S., Barrow, E. and Sauchyn, D. 2007. Is Precipitation downscaling viable at Medicine Hat 
and Calgary. 31st Annual Conference, Prairie Division, Canadian Association of 
Geographers, Weyburn, SK, September 28, 2007. 
 
Vanstone, J. and Sauchyn, D. 2007. Dendrochronological assessment of Quercus macrocarpa in 
southeastern Saskatchewan, 31st Annual Conference, Prairie Division, Canadian 
Association of Geographers, Weyburn, SK, September 28, 2007. 
 
Sauchyn, Dave and Jonathan Barichivich. 2007. Late Holocene Hydroclimatic Variability, 
Northwestern Great Plains, Canada and USA. XVII INQUA Congress. 30 July 2007, 
Cairns, Australia. 
 
Sauchyn Dave, Melitta Fiebig, Elaine Wheaton, Jonathan Barichivich, Suzan Lapp, Cesar Perez 
Valdivia. And Virginia Wittrock. 2007. Variability in the hydroclimate of the Elqui and 
South Saskatchewan River Basins. CWRA 60th Annual National Conference 60th 
Annual National Conference, June 25-28, 2007, Saskatoon. 
 
Websites 
 
University of Regina Tree-Ring Lab (www.parc.ca/urtreelab) 
 
8.7. Capacity Building 
 
Outreach – Presentations for Public Fora and Professional Associations by D.J. Sauchyn 
 
(with Suzan Lapp). 2008. Scenarios of the Future Climate. Policy Dialogue, Number 17, Winter, 
2008: 22-23, Saskatchewan Institute of Public Policy, Regina. 
 
 “Climate Change–The Consequences of Using Fossil Fuels”, Energy in our Future: What Kind? 
What Cost?  What Opportunity! April 28, Regina. 
 
(with Suzan Lapp) “Future of the Canadian Plains: Climate Change Scenarios”, Adaptation to 
Climate Change in the Canadian Plains, April 22, 2008, Regina, SK  
 
“Tree Rings as a Source of Environmental History”, Historical Climate Change Reconstruction 
in the Great Plains, University of Saskatchewan,  April 3-4, 2008  
 
“Recognizing climate variability and uncertainty for western water management“, National 
Adaptation Summit, March 31, 2008, Toronto, ON 
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“Tree-ring reconstruction of hydroclimate in the Saskatchewan and Churchill River Basins”, Past 
and Future Hydroclimatic Variability: Applications to Water Resource Management in the 
Prairie Provinces, Canmore, AB, March 16-18, 2008 
 
“Impacts of Climate Change: Changes in Water Supplies”, Native Plant Society of 
Saskatchewan, 13th Annual General Meeting and Conference, March 7-8, 2008, University of 
Regina 
 
“Long Streamflow Records from Tree Rings”, Climate Change and Water Supply Workshop, 
Edmonton, Feb 25-26, 2008 
 
“Climate Variability Research”, Developing a Climate Change Adaptation Strategy, Scenarios 
Development Workshop, December 6, Edmonton, AB 
 
“Climate Change on the Prairies”, Saskatchewan Irrigation Projects Association Inc., 2007 
Annual Conference, Moose Jaw, Saskatchewan, December 3, 2007. (Banquet Speaker) 
 
“Evidencias paleoclimáticas y metodologías de rastreo”, Curso, Cambio Climatico y el Rol de 
las Instituciones en los Procesos de Adaptacion: Los Desafios Que Vienen,  Santiago, Chile, 
November 12 
 
“Expected Impacts of Climate Change on Rangelands and Water Resources”, Climate Change 
And Impacts On Rangelands, Fall Meeting, International Mountain Section, Society for Range 
Management, Red Deer, Alberta, November 1-2, 2007. 
 
“Tree-ring reconstructions of streamflow, Saskatchewan and Churchill River Basins”, 
Paleoclimate Data for Hydropower Planning Workshop, September 20, 2007. 
 
Students trained & scholarships  
 
Suzan Lapp Ph.D., Geography NSERC scholarship 
César Pérez Valdivia MA.Sc., Engineering SSHRC scholarship 
Jessica Vanstone M.Sc., Geography  
 
8.8. Regional Collaboration/Networking 
 
Linkages: 
 
• Drought Research Initiative < http://www.drinetwork.ca/> 
• Laboratorio de Dendrocronología, Instituto de Silvicultura, Facultad de Ciencias Forestales, 
Universidad Austral de Chile, Casilla 567, Valdivia, Chile 
• IPCC: Invited expert referee (Sauchyn) 
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8.9. Media Coverage and Prizes 
 
• Climate Change: An Uncertain Future, The Nature of Things  (first broadcast on November 
21, 2007) 
• Municipal World magazine (Communities of Tomorrow; September 2007) 
• Calgary Herald (September 28, 2007) 
• CBC Radio, Quirks and Quarks November 24, 2007) 
• Globe and Mail (Liquid Asset; March 28, 2008) 
• Calgary Herald (Alberta faces drier, hotter future; March 11, 2008) 
• The Professional Edge March/April 2008 (Saskatchewan: A Climate in Transition) 
• Regina Leader-Post (Earth Day Poll; April 17, 2008) 
• CBC Radio (Blue Sky; March 19, 2008) 
• CKRM Radio (Noon Phone In; April 2, 2008) 
 
8.10. Policy Relevance 
The University of Regina Tree-Ring Lab is based at the Prairie Adaptation Research 
Collaborative (www.parc.ca) which has a mandate to inform decision makers about climate 
change, including the climate variations revealed from the study of tree-rings. Thus the results of 
our tree-ring research have been incorporated in presentations to decision makers (see Outreach 
above) including invited expert testimony to policy makers (provincial and federal politicians). 
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Jonathan Barichivich sampling limber pines at Cutbank (above) and the Oldman River (below), 
Alberta, September 2007. 
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Project Title: Documenting, understanding and projecting changes in the hydrological cycle 
in the American Cordillera 
Project Number: CRNII-047 
Principal Investigator: Dr. Brian H. Luckman 
Co-Pis: Antonio Lara Aguilar, Instituto Silvicultura, Universidad Austral de Chile, Valdivia; 
Juan Carlos Aravena, Centro de Estudios Cuaternarios de FuegoPatagonia y Antártica 
(CEQUA), Punta Arenas; James McPhee, Departamento de Geofísica, Universidad de Chile, 
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Keywords: dendroclimatology, streamflow reconstruction, water, dendrochronology, ecosystem 
services.  
 
9.2. Project Funding 
At Universidad Austral we have received funding from project Fondecyt Nº 1050298 
from the National Research Funding of Chile. The support from these funds for field work, 
mounting, sanding and development of chronologies was US $ 5,963.46.  
Moreover, Christian Little is partially funded by the Graduate Department of the Faculty 
of Forestry, Universidad Austral de Chile who provided US$ 4131.81. IAI support for Christian 
was US$ 8107.52 which represents the 66.24% of the total support.  
Following completion of his doctorate at UWO, Dr Juan Carlos Aravena returned to work 
at the Center of Quaternary Studies of Fuego Patagonia and Antarctica (CEQUA, 
www.cequa.cl), in Punta Arenas, Chile.  CEQUA is a regional research center funded by the 
Chilean Science and Technology Foundation (CONICYT) and the regional (Magallanes) 
government. In 2008 his new laboratory (see below) received two CONICYT grants to fund its 
research activities for the next 4 years. Fondecyt project # 1080320 “Late-Holocene glacier 
fluctuations in the Andes of southern Chile: multi-criteria dating approach integrating high-
resolution dendroglaciologic methods with lichenometry, tephrochronology and stratigraphic 
analysis” with Dr Aravena as Principal Investigator (US $ 350,000). The second is the Fondecyt 
project # 1080485 “Postglacial vegetational and climatic history of the temperate ecosystems of 
central Patagonia (44°-49° S) Principal investigator Dr. Rodrigo Villa (US $ 300,000). Both 
projects complement future (and former) CRN activities and include collaborative work with 
Chilean and international research groups (especially with IAI colleagues). 
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9.3. Research Activities and Findings 
 
Field Work 
During the second year of the project we collected samples at 13 study sites during 7 
dendrochronology field campaigns (Table 9.1). We continue to develop and reinforce the 
network of tree-ring chronologies sensitive to climate changes in south central and southern 
Chile. (35°- 51° S). This network permits us to record and understand precipitation and 
streamflow variability and their variations through time and space.  
Samples of Araucaria (Araucaria araucana) and Lenga (Nothofagus pumilio) were 
obtained from sites in the Andes. Alerce (Fitzroya cupressoides) samples were collected in the 
Valdivian Coastal Cordillera and in the Intermediate Depression. The Alerce population in the 
Intermediate Depression have been shown to be genetically different to the Andean and coastal 
populations. In the southern Patagonia region, Dr. Juan Carlos Aravena collected Pilgerodendron 
uviferum samples at the Torres del Paine National Park area (Lago Toro, Table 9.1).  
 
Table 9.2 shows the details of the 13 areas and 11 chronologies that were developed 
previously. Between 2001 and 2008 a total of 87 sites and 59 chronologies were completed by 
our Laboratory and Juan Carlos Aravena. These results plus previous work extend the sampled 
area in central and south central Chile improving our capabilities to reconstruct streamflow 
variations. Fieldwork, sample processing and data analysis has been funded in collaboration with 
the Fondecyt # 1050298 project. (Figure 9.1) 
 
Streamflow analysis 
Dr. James McPhee and collaborators are evaluating spatial and temporal streamflow 
variability at yearly and decadal scales based on the instrumental record available for the past 50 
years. The main goal is to determine the relationship between streamflow, precipitation and 
temperature, and major atmospheric circulation patterns. 
 
The analysis of the streamflow data follows three main lines of investigation.  
 
                                                                         
Figure 9.2.  Schema for the acquisition, quality control and analysis of streamflow data. 
 
 
 
 
Streamflow data  
 analysis  
Filling data gaps and 
verification of the monthly 
mean streamflow records 
in the De Los Rios and 
De Los Lagos region. 
 
Supra- regional analysis 
of the trends of the daily 
mean streamflows. 
 
Reconstruction of monthly 
mean streamflow of 
selected records.  
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Completion of missing data and verification of the mean monthly streamflow records  
The algorithm developed for the completion of missing data was refined in order to 
differentiate years hydrologically as “normal”, “humid” or “dry”, based on departures of annual 
streamflow from the observed mean.    
The Region de Los Lagos has a sparse network of stream gauges.  The 1960-2003 period 
is the longest common interval for most of these records.  An analysis of spatial patterns in these 
data was also carried for a shorter, 25-year, period to include a larger number of streamflow 
records.  Stream gages from the Aysén region were excluded from the analysis because the 
incompleteness and sparseness of the records does not permit the development of spatially 
representative results.  
 
Supra- regional analysis of mean daily streamflow trends  
Undergraduate student Gonzalo Cortés and Dr. McPhee analyzed changes in the 
streamflow regime of several rivers draining the western slope of the Southern Andes (32 to 
39°S), for the last 45 years. They compiled a database of daily streamflow records of natural 
flow for 40 rivers that show an average of 25% contribution to streamflow due to snowmelt. 
Trends in the center of mass of daily discharge for each water year were analyzed using non-
parametric and parametric tests. Results for 18 of these rivers show a significant negative trend 
(p value<0.1) with the date of center of mass (CoM) shifting earlier in the year. Of the remaining 
22 rivers, 17 show a negative, statistically not-significant trend in CoM and 5 show a positive but 
non-significant trend. This behavior of streamflow timing is consistent with temperature and 
precipitation trends in this region and suggests a modification in the contribution of snowpack to 
the annual discharge due to both earlier snowmelt and decreased accumulation during the winter 
season. A manuscript compiling these results is currently in preparation and will be submitted to 
an ISI journal. 
 
Development of a natural flow record for the Lircay River at Las Rastras bridge 
This gauging station is located downstream of two large diversion structures with no 
operational records. The flow data for this river is important for our activities because it 
corresponds to a mountain watershed needed to assess the importance of land use change on 
observed discharge regime changes.  The natural flow regime was reconstructed by estimating 
water diversions at two main irrigation channels, based on allocated water rights, water works’ 
capacity and hydrologic conditions (dry, average or wet). An additional difficulty in carrying out 
this exercise was that water rights in this system are not expressed in discharge units, but rather 
in “stocks”, so the equivalent flow amount had to be estimated by correlating short operational 
records with the amount of water rights effectively allocated.  Development of such adjusted 
records is of great importance given the sparse nature and incompleteness of records on many 
rivers. 
 
Major findings 
 
Assessment of Ecosystem Services as an Opportunity for the Conservation and 
Management of Native Forests in Chile 
Changes in the runoff and streamflow for the last 15 to 20 years were investigated in 6 
watersheds of the Valdivian ecoregion with a wide range of variation in the relative percentage 
of area covered by native forests or by fast-growing forest plantations (Pinus radiata or 
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Eucalyptus spp) the latter mainly originated by conversion of native forests (0.1% to 92.1% area 
covered). We found the annual runoff coefficient (quickflow/precipitation, Qq/P) significantly 
correlated with native forest cover in the watershed, and total streamflow/precipitation in 
summer (Figure 9.3) Conversely, a negative correlation was found between summer runoff 
coefficients (total streamflow/precipitation) and the percentage of  exotic plantation cover. The 
analysis of streamflow changes between a thinned watershed (35% of basal tree cover area 
removed) and a control watershed, both dominated by second growth Nothofagus forests, 
showed that the former had a 19.7% increase in annual streamflow and 40% increase during the 
dry summer season. Relationships between fish abundance and forest cover were analyzed in 17 
catchments. The best correlation was found for the percentage of trout density with second 
growth forest area in 1000 x 60-m buffers along streams. Using linear equations for streamflow 
as a function of native forest cover, we estimated a mean increase of 14.1% for the total summer 
streamflow for a 10% increase in native forest cover in the watershed for the same amount of 
precipitation. We also estimated a 14.6% increase in trout density for each 10% increase of 
native second growth forest cover in 1000 X 60-m buffers adjacent to the streams. Streamflow 
and trout density can be used as indicators of water supply and recreational fishing opportunities, 
two important ecosystem services with positive impacts on social welfare (Figure 4). 
This study was carried out by Antonio Lara and James McPhee, associated with 
FORECOS, Camila Alvarez (a Masters Student at Universidad de Chile) and Christian Little (a 
recent PhD student at U. Austral).  The importance of this study lies in the quantification of 
ecosystem services which constitutes a major, pioneering, contribution to this area of research 
that analyzes the influence of forest cover changes on the water production from stream basins in 
Chile. The study is significant for the quantification of water supply and recreational fishing 
opportunities- two important ecosystem services of native forests. The study also provides 
crucial information for policy and decision-making regarding native forests. This approach can 
be used in different regions of Chile and in other countries, promoting new opportunities for 
forest conservation and sustainable management.  
 
Multi-Centennial Tree-Ring Reconstruction of Maule River Annual Streamflow  
A reconstruction  of annual streamflow of the Maule River (35° - 37° S) has been 
developed using Austrocedrus chilensis tree-ring series and allows us to analyze the variability 
of the reconstructed series at annual, decadal and secular scales (Urrutia et al., in preparation). 
This reconstruction covers the last 450 years and contributes to a better understanding of the 
water availability in central Chile under future climate change scenarios and their consequences 
for agricultural production activities. This is the first streamflow reconstruction for central Chile 
and the second reconstruction made for our country after the Puelo river reconstruction (Lara et 
al. 2008). 
   
Drought variability in the temperate-Mediterranean transition of the Andes since AD 1346 
reconstructed by tree rings  
Duncan Christie, a Ph D student of the Universidad Austral de Chile, has developed a 
tree-ring based reconstruction of drought variability in the temperate-Mediterranean transition of 
the Andes that provides a multi-century perspective of past drought occurrence. This work is 
based on a network of Austrocedrus chilensis tree-ring chronologies from both flanks of the 
Andes (36° - 39° S), and reconstructs late-spring early-summer PDSI since AD 1346. This study 
shows that sea surface temperatures from the Niño 3.4 region and the Antarctic Oscillation 
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appear to be positively and negatively correlated with spring and summer instrumental PDSI, 
respectively over 1950-2001 period (Figure 9.5). According to this study drought variability in 
south central Chile is closely related to blocking activity in the Amundsen- Bellingshausen Sea 
region. The reconstruction also demonstrates that the return time of drought events in all PDSI 
severity classes has decreased significantly during the last century compared with earlier periods. 
This work has been conducted in collaboration with the Departamento de Dendrocronología e 
Historia Ambiental, IANIGLA, Mendoza, Argentina and the Tree-Ring Laboratory, University 
of Arkansas, USA. 
 
Nothofagus spp samples from Tierra del Fuego, Chile 
We have developed chronologies in southern Tierra del Fuego, (Karukinka Reserve). 
These chronologies show promising results with the longest Nothofagus betuloides chronology 
starting in 1527 (479 years long, Table 9.2). This preliminary work also indicates that the 
problem of the non-climatic  7-year cycle (attributed to insect outbreaks) that dominates most of 
the deciduous N. pumilio chronologies in the sites located South of 54° S is not present in the 
evergreen N. betuloides records which have a clear low-frequency signal (Figure 9.6, Aravena el 
al., 2002). Our preliminary work indicates a clear potential to improve the network of climate-
sensitive tree-ring records in southernmost South America (54° – 56° S) and to clarify the causes 
of the 7-year cycle on N. pumilio, by comparing these records with N. betuloides.  
 
9.5. Publications  
 
Refereed Journals 
 
Lara, A., Villalba, R. & R. Urrutia. 2008. A 400-year tree-ring record of the Puelo River 
streamflow in the Valdivian rainforest Eco-region, Chile. Climatic Change Vol. 86 (3-4): 
331-3566 
 
In Press  
 
Aravena J.C. and Luckman B.H. Spatio-temporal rainfall patterns in southern South America. 
(International Journal of Climatology) 
 
Submitted  
 
Aravena J.C. and Luckman B.H. Pilgerodendron uviferum tree-ring records and rainfall 
variability in the Western coast of southernmost South America. (Quaternary Research) 
 
Barichivich, J., Sauchyn, D. J., Lara, A. Climate signals in high elevation tree-rings from the 
semiarid Andes of north-central Chile: responses to regional and large-scale variability. 
(Palaeogeography, Palaeoclimatology, Palaeoecology) 
 
Boninsegna, J. A., Argollo, J., Aravena , J.C., Barichivich, J., Christie, D., Ferrero., M.E., Lara, 
A., LeQuesne, C., Luckman, B., Masiokas, M., Morales, M., Roig, F., Srur , A. and  R. 
Villalba. South American tree rings as climate proxy record. (Palaeogeography, 
Palaeoclimatology, Palaeoecology) 
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Christie, D. A., Lara, A., Barichivich, J., Villalba, R., Morales, M. S. & E. Cuq. El Niño-
Southern Oscillation signal in the world’s highest-elevation tree-ring: 5 chronologies 
from the Altiplano, Central Andes.  (Palaeogeography, Palaeoclimatology, 
Palaeoecology) 
 
Lara, A., Little, C., Urrutia, R., McPhee, J., Álvarez-Garretón, C., Oyarzún, C., Soto, D., 
Donoso, P., Nahuelhual, L. Pino, M., Arismendi, I. 2008. Assessment of Ecosystem 
Services as an opportunity for the Conservation and Management of Native Forests in 
Chile. (Forest Ecology and Management) 
 
In Preparation 
 
Cortés G., Vargas X. & McPhee J. Variations in streamflow timing in the Western Slope of the 
Southern Andes Cordillera during the 1961-2006 period. (to be submitted to Geophysical 
Research Letters) 
 
Espizua, L., Rivera, A., Masiokas, M., Villalba, R., Delgado, S. & J. C.  Aravena. Glacier 
fluctuations in extratropical South America during the past 1000 years (to be submitted to 
Palaeogeography, Palaeoclimatology, Palaeoecology) 
 
Urrutia, R., Lara A. & Villalba R. Multi-Century Tree-Ring Reconstruction of Maule River 
Annual Streamflow in the Valdivian Rainforest Eco-Region, Chile. (to be submitted to 
Journal of the American Water Resources Association) 
 
Non-refereed journals 
 
Lara, A. 2007. Chile, una montaña. Revista Ambiente y Desarrollo 23 (1): 18 - 19, Santiago de 
Chile. 
 
Books  
 
Lara, A., Echeverría, C., Thiers, O.,  Huss E., Escobar, B., Tripp, K.,  Zamorano, C. y 
Altamirano, A. (in press). Restauración ecológica de coníferas longevas: el caso de 
Alerce (Fitzroya cupressoides) en el sur de Chile. En: González-Espinosa, M., Rey-
Benayas J.M., y Ramírez-Marcial, N. Restauración de bosques en América Latina. 
Ediciones Mundi-Prensa, Madrid, España.  
 
Theses 
 
Aravena, J.C.  2007. Reconstructing climate variability using tree rings and glacier fluctuations 
in the southern Chilean Andes. PhD thesis. University of Western Ontario. London 
Ontario, Canada. 220 pp. 
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Christie, D.  2008. Tree-growth and Climate Variability in the South American Altiplano and the 
Temperate-Mediterranean Transition of the Andes. PhD thesis. Universidad Austral de 
Chile. 
 
Posters and other presentations at meetings, conferences, workshops. 
 
Peña, M.P., Christie, D.A. and A. Lara. Precipitation Reconstruction in the Temperate-
Mediterranean transition of the Andes inferred from Tree-rings. First American 
Dendrochronology Conference, AmeriDendro. Vancouver, Canada. 23rd-27th June, 
2008. 
 
Quezada, J.M. and González, M.E. Fire history of Araucaria araucana (Mol.) Koch forest in 
Villarica National Park. First American Dendrochronology Conference, AmeriDendro. 
Vancouver, Canada. 23rd-27th June, 2008. 
 
Morey, F. and A. Lara. Policy based science: Whose challenge? First American 
Dendrochronology Conference, AmeriDendro. Vancouver, Canada. 23rd-27th June, 
2008.  
 
Cortes, G., Vargas, X. and J. McPhee. Variations in streamflow timing in the Western Slope of 
the Southern Andes Cordillera during the 1961-2006 period. Second ASM, CRN 2047. 
San Carlos, Mendoza, Argentina. March 30 - April 3, 2008. p 8. 
 
Christie, D. A, Boninsegna, J., Cleaveland, M., Lara, A., Morales, M., Stahle, D. W. and R. 
Villalba. Drought variability in the temperate-Mediterranean transition of the Andes since 
AD 1346 reconstructed by tree-rings. Second ASM  CRN 2047. San Carlos, Mendoza, 
Argentina. March 30 - April 3, 2008. p 11. 
 
Morales, M.S., Solíz, C., Villalba, R., Argollo, J., Christie, D.A., Pacajes, J. and J. Moya. Spatio-
temporal variations of growth of Polylepis tarapacana and climate across the Bolivian 
Altiplano (17-23°S) in the 20th century. Second ASM CRN 2047. San Carlos, Mendoza, 
Argentina. March 30 - April 3, 2008. p 12. 
 
Aravena, J.C. Multi-criteria dating approach to study Late-Holocene glacier fluctuations in the 
Andes of southern Chile. Second ASM CRN 2047. San Carlos, Mendoza, Argentina. 
March 30 - April 3, 2008. p 18. 
 
Carrasco Farias, N. Project CRN 2047 in Chile: progress and projections. Second ASM CRN 
2047. San Carlos, Mendoza, Argentina. March 30 - April 3, 2008. p. 23. 
 
Morey, F. and A. Lara. Policy based science: Whose challenge? Second ASM CRN 2047. San 
Carlos, Mendoza, Argentina. March 30 - April 3, 2008. p 24-25. 
 
Lara, A., Villalba, R. and R. Urrutia. Streamflow reconstruction of Puelo River since 1599. 
Second ASM CRN 2047. San Carlos, Mendoza, Argentina. March 30 - April 3, 2008. p 
6. 
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Lara, A., Donoso, P. & Nahuelhual, L. Conservation and management of rain forests in Southern 
Chile. Congress Old forest, New Management. Hobart, Tasmania, Australia. 17-21 
February 2008.  
 
Aravena JC , Luckman, BH. Glacier fluctuations during the last 400 years at Mount San Lorenzo 
and Santa Ines Island, southern Chile. AGU Fall meeting 2007. San Francisco, USA. 10-
14 December 2007. 
 
Álvarez C. & McPhee J. Forest Management Influence on Hydric Production in a Temperate 
Rain Forest: a Comparative Study of Small Watersheds. AGU Fall Meeting 2007. San 
Francisco, USA. 10-14 December 2007. 
 
Romero, P., Niera, E and Lara A. Forest cover and carbon changes in coastal temperate 
rainforest, Chile"  ForestSAT 2007, Montpellier France, November 5-7, 2007  
 
Rubio E. & McPhee J. Streamflow Interdecadal Variability Analysis for Rivers in Southern 
Chile and its Connections with Climate and Land-use Change. AGU Fall Meeting 2007. 
San Francisco, USA. 10-14 December 2007. 
 
Aravena JC & Luckman BH. Little Ice Age glacial fluctuations at Mount San Lorenzo and Santa 
Ines Island, southern Chile. GEOSUR 2007. Santiago, Chile. 19-20 November 2007. 
 
McPhee J. Influencia del cambio de uso de suelo sobre la disponibilidad de recursos hídricos. XI 
Jornadas CONAPHI. Santiago, Chile. 22-23  November 2007 
 
Lara, A. Servicios Ecosistémicos: un Puente entre ciencia y la toma de decisiones. Encuentro 
Científico Multidisciplinario 2007. Universidad Austral de Chile, Valdivia, Chile. 
October 29- November 7, 2007. 
 
Lara, A. “Los servicios Ecosistémicos de la Eco-Región de los Bosques Valdivianos Lluviosos 
de Chile”. Simposio Servicios Ecosistémicos: desde la ciencia a la toma de decisiones. II 
Reunión Binacional de Ecología. La Serena, Chile. 3th October, 2007. Coordinator of 
Simposium. 
 
Lara, A. Participante de la Mesa redonda del Foro. Foro bicentenario "Desafíos de los Cambios 
Climáticos para Chile, Antártica y sus Glaciares”. Centro de Estudios Científicos 
(CECS), Valdivia, Chile. 4th September 2007. 
 
9.6. Data 
Samples obtained in the second year and updates for samples collected in the first year 
are shown in Tables 9.1 and 9.2. 904 samples of Fitzroya cupressoides, Araucaria araucana, 
Pilgerodendron uviferum and Nothofagus pumilio were obtained in year 2. Figures 9.7-9.9 show 
some of these sample sites. 
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The results of this research can be obtained from our laboratory writing to our e-mail 
address: dencrono@uach.cl. In the near future this information will be available in the webpage 
of our laboratory.  
 
 
9.7. Capacity Building 
During this period we have funded workshops, seminars and specialization courses. In 
November 2007 we supported the attendance of Natalia Carrasco (UACH researcher, Chilean 
biologist and dendrochronologist) to the 7th Winter School on Wood Anatomy, Davos-Laret, 
Switzerland. This activity, conducted by the researchers belonging to WSL institute, 
Switzerland, Dr. Fritz Schweingruber and Dr. Holger Gartner was focused on the knowledge and 
identification of the different characteristics of the anatomy of selected species and in the 
preparation and interpretation of wood samples using microtomes.  
In December 2007 we supported the participation of Camila Alvarez and Eduardo 
Rubio at the AGU (American Geophysical Union) Fall meeting in San Francisco, California. 
These two masters students belong to the group headed by James McPhee at the Universidad de 
Chile, and work in hydrology. This meeting provided the opportunity to demonstrate their work 
and to discuss it with international scientists in the field. 
In January 2008 María Paz Peña (biologist, UACh, dendrochronologist), Juan M. 
Quezada (Chilean forest engineer, undergraduate student, UACh dendrochronologist), Claudio 
Alvarez (Chilean forest engineer, UACh dendrochronologist), Paulina Rojas (Chilean forest 
engineer, UACh dendrochronologist) and Mabel Alsina (biologist, UACh, dendrochronologist) 
attended the 4th South American Dendroecological Fieldweek in Puerto Blest, Argentina.  More 
than 20 young people from Latin America attended this fieldweek, developing useful contacts 
with other international students and senior researchers in the field (Figure 9.10). 
Francisco Morey, a journalist by training and new member of our team, attended the 
American Association for the Advancement of Science (AAAS) Annual Meeting in Boston 
between February 14th and 18th, 2008.  He participated as a Press Registrant and was able to 
experience first hand communication at a mainstream science meeting. At the meeting, Francisco 
met and interacted with a range of individuals from the Korean Scientific Foundation, European 
Union, Science Magazine communication unit, journalists and public information officers from 
the strongest scientific institutions and universities dedicated to public science dissemination. 
The importance of this experience to CRN and Forecos activities has been in developing an 
understanding of the strategies of various science magazines in promoting dissemination of 
scientific information in mass communication media. Specifically this has aided our work in 
publicizing research related with Puelo River streamflow reconstruction. 
During June 2008 we supported the attendance of María Paz Peña, Juan Quezada, 
Francisco Morey and Claudia Mansilla (biologist, Master’s student Universidad Magallanes, 
dendrochronology) at the First American Dendrochronology Conference AmeriDendro 2008 in 
Vancouver, British Columbia, Canada. This conference gave our students the experience of 
meeting and exchanging research ideas with other students and researchers in an international 
forum designed to promote dendrochronological research (Figures 9.11, 9.12). 
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List of Students trained & scholarships 
 
Duncan Christie (PhD student, collaborator) from our laboratory at Universidad Austral carried 
out a work internship in the laboratory of Dendrochronology of the Department of Geography at 
the University of Arkansas in November and December, 2007. He was supervised by Professor 
Dave Stahle and Professor Malcolm Cleaveland and he received high-quality training in 
paleoclimatic reconstruction techniques based on tree-ring records.  
 
Christian Little entered the PhD program at the Forestry Faculty, Universidad Austral de Chile 
in the second semester of the year 2007. He collaborated in work on the Fondecyt project 
1050298, analyzing temporal changes in streamflow on large watersheds. He also collaborated in 
the undergraduate course “El agua como medio de aprendizaje” (SILV 145) (“Water as a means 
of learning”) aimed at the formation of undergraduate students of the schools of Forest 
Engineering and Engineering in Conservation of the Natural resources, of the Faculty of Forestry 
Sciences University Austral de Chile. Christian is partially funded by our IAI project in his 
doctoral studies.  
 
Gonzalo Cortés works with Dr. James McPhee’s research group. He is an undergraduate student 
who collaborated as a part of his apprenticeship in the supra- regional analysis of the trends of 
the daily mean streamflow in central Chile. This work is currently being prepared for 
publication.  
 
María Paz Peña is a biologist who has joined our IAI project as support staff at U. Austral from 
February 2007 to the present. She is working on the analysis of samples obtained in different 
campaigns and chronology development.  Some of this work was presented at the First American 
Dendrochronology conference AmeriDendro 2008.  
 
Claudia Mansilla is a masters student at the Universidad de Magallanes, Punta Arenas and is 
working at the new CEQUA laboratory.  She is presently completing her thesis research and 
presented a poster on this work (Pilgerodendron uviferum post disturbance recruitment at Mt. 
Tarn, Brunswick peninsula, Magellanes, Chile) at the Ameridendro 2008 meeting in Vancouver. 
Following defence of this thesis in August 2008 Claudia will work as research assistant at the 
Magallanes Tree-ring lab.  
 
Carolina Morano, is an undergraduate Biology student at the Universidad de Magallanes and 
started her thesis working on lichens growing in glaciated areas, under the supervision of Dr. 
Aravena. 
 
Institutional capacity building 
 
New developments at the U. Austral Tree-ring Laboratory 
Since August 2007 we have a new Dendrochronology laboratory. The new facility is 
located on the 4th floor of the Silviculture Institute of the Forestry Sciences Faculty. These new 
facilities provide a larger space and infrastructure to accommodate the higher work demands 
associated with ongoing projects, theses and work with students of the Forestry Sciences Faculty, 
Universidad Austral de Chile.  
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New developments at CEQUA 
During the 2007-8 period Dr Aravena and colleagues have developed a new 
paleoecological laboratory equipped to conduct tree-ring and pollen studies. This laboratory is 
being equipped with recently acquired tree-ring measuring table, stereoscopic microscopes, 
electronic microscopes, pollen analysis facilities, computers and fieldwork materials. In 2008 
this new facility received two CONICYT grants that will fund research activities for the next 4 
years (see Section 9.2). 
 
9.8. Regional Collaboration/Networking 
The collaboration with Dr. Ricardo Villalba from the Departamento de Dendrocronología 
e Historia Ambiental, IANIGLA, Mendoza, Argentina, continues. He has been very helpful with 
the chronology network analysis and in the development of the multi-century tree-ring 
reconstruction of Maule river annual streamflow. Duncan Christie has also collaborated with J. 
Boninsegna, R. Villalba and M. Morales from IANIGLA  and with  M. Cleaveland and D. Stahle 
from the Tree-Ring Laboratory, University of Arkansas, USA in the reconstruction of drought 
variability in the temperate-Mediterranean transition of the Andes using tree rings. 
In collaboration with Dr. Cristian Echeverría we have analyzed temporal changes in 
streamflow on large watersheds.  Dr. Echeverría works at the Universidad de Concepción, 
Concepción, Chile, and he participates in the Restoration of forest landscapes for biodiversity 
conservation and rural development in the drylands of Latin America project. (ReForLan), 
funded by the European Union. Dr Aravena  attended the workshop on Peatlands of  Tierra del 
Fuego held in Ushuaia in April 2008 and continues to develop and renew collaborations with 
paleoenvironmental scientists working in southern Patagonia. 
These collaborations complement and reinforce the objectives of CRN2047 at both 
national and international levels. 
 
9.9. Media Coverage and Prizes 
During the last year the results from, and discussions about, our research have been 
published in the local and national media, with particular attention to the decreasing trend of 
streamflow and rainfall for the last decades in central and south central Chile, and their influence 
on human activities. Consequently, the effects of the recent environmental changes on the 
country’s economy have reached a higher recognition in national public opinion.1 
In addition, extensive mass media coverage has been dedicated to the recently 
promulgated Native Forest Law. This law was under examination for the last 15 years in the 
Chilean Parliament. During this time investigators of our research group provided technical 
advice to the legislators and to the government, and participated in discussion meetings to obtain 
the final version of the referred Law. Dr Lara attended the formal signing of the law by President 
Michelle Bachelet on July 11th, 2008.  
 
Outreach 
This year we have consolidated the information on the web page at U. Austral 
(www.dendrocronologia.cl) to improve the communication of our work, especially to the public 
in general. Up to date, we have received numerous visits to our web page. A permanent 
exhibition will be developed in the new facilities of the Laboratory. This exposition will rescue 
                                                 
1 Copies of this material can be obtained by request to Natalia Carrasco at our laboratory. 
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part of “ExpoAlerce” presented in 2005 and will combine this information with new data and 
visual material. We want to carry out guided visits to the laboratory, teaching the bases of 
Dendrochronology and the work that the laboratory has done during its ten years of life 
associated to different research projects and, for example, CRN03 and CRN 2047.  
In Punta Arenas, Dr Aravena has participated in a number of radio and TV interviews on 
environmental change and related topics over the last 9 months. He has also given presentations 
on the “Australis”, a cruise ship working in the straits of Magellan, at a local high school and has 
a brief interview on a recent CONICYT institutional video 
(http://www.rionegrotv.cl/conicyt.html)  
 
9.10. Policy Relevance 
On December 18th 2007, the short Native Forest Law was approved by the Chilean 
parliament. Dr. Lara and other colleagues actively participated in the formulation of this law 
from the initial discussions in 1992.  This law is a great achievement for the environmental and 
forest area of the country, due to the combination of interests from large and small companies, as 
well as private and public organizations. The work of Dr. Lara and colleagues with respect to this 
topic included initiatives such as the book “Componentes científicos clave para una política 
nacional sobre usos, servicios y conservación de los bosques nativos chilenos” (Lara et al., 
2003) and the coordination and representation on the Scientific Advisory Committee which 
worked as a consultant group for the legislators during the 15 years of the Law discussion. This 
law is a great step in the environmental regulation of Chilean forests and it is expected that 
benefit mainly small and medium owners of native forest in the country.   
 
9.11. Main Conclusions 
During this year we have achieved significant progress in the development of tree-ring 
chronologies of several tree species (Fitzroya cupressoides, Araucaria araucana, Austrocedrus 
chilensis, Pilgerodendron uviferum, Nothofagus spp.). This has improved the spatial coverage, 
density and, in some cases, the length of tree-ring chronologies in the networks from southern 
Chile. Particularly interesting are the Nothofagus spp samples recently collected at Tierra del 
Fuego, Chile. These southernmost forests represent a valuable material to update and improve 
our understanding of tree-growth patterns in the sub-Antarctic region. We have also advanced 
understanding of the hydrologic systems of southern Chile. Reconstruction of Puelo and Maule 
River streamflow variations using tree rings for the last 400 years (Lara et al. 2008, Urrutia et al, 
in preparation), are the first studies on this topic west of the Andes. The study of the drought 
variability in Central Chile (Christie, in preparation), and the reconstruction of rainfall variability 
in southern Chile (Aravena and Luckman submitted a, b) are also new contributions to 
understanding hydroclimatic variability in our country. All these studies examine the 
relationships between hydroclimatic variability of southern Chile and hemispheric atmosphere-
ocean circulation systems. The understanding of these relationships is a main goal of our 
ongoing research. 
 
9.12. Work Plan for Next Year with Associated Costs  
During year 3 we expect to be able to refine this information and to develop information 
that permits additional understanding of the spatial and temporal patterns of streamflow records 
in Chile.  At the same time, we will strengthen our database of instrumental records in the 
regions IX and X. We plan to improve the network of Nothofagus tree-ring chronologies in the 
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regions of Aysén and Magallanes (43°-56°S). This latitudinal range was previously investigated 
by Dr. Aravena collecting Pilgerodendron uviferum samples. This new sampling would provide 
a greater density and better coverage of the center and south central zones and improve our 
understanding of precipitation and, through new reconstructions, the hydrology of these regions. 
The new Fondecyt funding to Dr Aravena will accelerate activities related to studies of glacier 
fluctuations and paleoenvironments in Southern Chile during 2008-9   
We expect to continue with training activities for students and young researchers, 
outreach activities, partial funding for graduate students, and collaborative work with colleagues 
of IAI CRN2047 program.   
 
Table 9.1. Sites sampled between July 2007 and April 2008. We sampled a wide range between 
35º- 51º S, collecting different tree-species as Araucaria araucana, Nothofagus pumilio, Fitzroya 
cupressoides and Pilgerodendron uviferum. 
Site Species Date Nº of samples Status Coordinates  
Laguna Toro 
Pilgerodendron 
uviferum Jan-07 80 In process
51º15.582’S 72º 51.657’W 
Isla del Rey Fitzroya cupressoides Dec-07 58 In process 39º 53.418’S 73º 16.567’W 
Chaihuín, Colun Alto, 
Tres casas Fitzroya cupressoides Jan-08 63 In process
    
Fundo Núñez  Fitzroya cupressoides Feb-08 63 In process 41º26.731’S 73º7.961’W 
Colonia 3 Puentes Fitzroya cupressoides Mar-08 45 In process 41º20.002’S 72º49.107’W 
Malalcahuello, El 
Colorado Araucaria araucana Jan-08 80 In process
38º25.474’S 71º33.223’W 
Malalcahuello, El 
Coloradito Araucaria araucana Feb-08 65 In process
38º25.395’S 71º35.873’W 
Ralco, R N Ralco Araucaria araucana Mar-08 80 In process 38º1.506’S 71º23.401’W 
Ralco, Vizcacha, Laguna 
El Barco Araucaria araucana Apr-08 80 In process
37º54.198’S 71º17.825’W 
Alto del Bio-Bio, Nitrao Araucaria araucana May-08 20 In process 37º43.237’S 71º17.721’W 
R N Altos de Lircay Nothofagus pumilio Jun-08 49 In process 35º35.567’S 70º59.525’W 
Termas de Chillán Nothofagus pumilio Jul-08 61 In process 36º53.315’S 71º24.571’W 
Conguillio, laguna 
Captren Araucaria araucana Apr-08 80 In process
38º38.118’S 71º42.395’W 
Conguillio, lago 
Conguillio Araucaria araucana Apr-08 80 In process
38º37.149’S 71º37.366’W 
    Total 904       
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Table 9.2. Update of the sites collected in Year 1 and chronologies associated with them. The 
table shows the statistics of each site. Mean correlation coefficients among series considering 50-
year overlapping periods estimated by COFECHA (Holmes 1983). Site locations shown in 
Figure 9.1. 
Site Site 
 Code 
Species Length Nº trees 
Mean  
sensitivit
y 
Standard 
 deviation 
AC1* 
  
Status 
Sendero alerce RSA F. cupressoides 1600     In revision
Máquina quemada RMQ F. cupressoides 96 21 0.999 0.1669 0.6985 Finished 
Los Mañíos RLM P. uviferum 364 27 0.2047 0.3357 0.7170 Finished 
Los Mañios-Río 
Ignao RIG P. uviferum      In revision
Lago Fagnano 1 LFA N. betuloides 429 52 0.1418 0.2615 0.8352 Finished 
Lago Fagnano 2 LFB N. pumilio 406 46 0.2889 0.2945 0.4656 Finished 
Portezuelo Fagnano 
1 PFA N. pumilio 245 24 0.1939 0.2756 0.6844 Finished 
Portezuelo Fagnano 
2 PFB N. pumilio 297 58 0.2281 0.3295 0.7378 Finished 
Portezuelo 
Despreciado LDP N. betuloides 422 48 0.1452 0.2231 0.6620 Finished 
Lago Despreciado 
Ladera Sur DPS N. betuloides 346 28 0.1488 0.1989 0.5824 Finished 
Lago Deseado norte LDN N. betuloides 479 45 0.1469 0.2733 0.7802 Finished 
Lago Deseado sur LDS N. betuloides 385 42 0.2322 0.3216 0.6548 Finished 
Balseiro BAL N. pumilio 362 39 0.3812 0.3729 0.4192 Finished 
* = First order autocorrelation. 
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Figure 9.1. Chronologies developed for the IAI CRN 2047 Project (2006-8). Our group in Chile 
has developed chronologies of 9 woody species (shrubs and trees). We extend the sampled area 
in central and south central Chile improving our capabilities to reconstruct streamflow variations 
between 30º - 55ºS.  This work has been done in collaboration with the Fondecyt # 1050298 
project. 
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Figure 9.3. a) Total base flow (mm) and difference (%) between the thinned and control 
watersheds during four years (n=4). b) Same for seasonal streamflow (mm).Vertical bars 
represent standard error (SE). Total discharge and baseflow seasonal analysis indicated that the 
difference in favor of the thinned watershed over the control increased from fall through summer 
(Lara et al., submitted). 
 
 
Figure 9.4. Pearson correlation between the percent area of native second growth forests  and 
trout abundance (%) for 60 – 300 m wide and 1,000-5,000 m long buffers along streams. 
Horizontal line indicated significant correlation *P< 0.05. Pearson correlation coefficients 
between trout density and the percent area of second growth forests reached a maximum value 
for 1,000 m long buffers along streams (R = 0.76 - 0.80 , P< 0.05), with decreasing correlation at 
longer distances and little effect due to buffer width (Lara et al., submitted). 
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Figure 9.5. Comparisons of PDSI and large-scale synoptic indices. (a) Sliding monthly 
correlations of PDSI with N3.4 SST anomalies and the Antarctic Oscillation index (AAO) for the 
1950-2001 period. Dashed horizontal lines indicate statistical significance at the 95% confidence 
level. (b) Comparisons of mean spring (SON) PDSI and N3.4 SST anomalies, and mean summer 
(DJF) PDSI and AAO-1 for the 1950-2001 period. Correlations are +0.42 and –0.57, respectively 
(P < 0.01). Note that the AAO index has been inverted to facilitate the comparison with the PDSI 
record. Indices colors are similar in (a) and (b).  (D. Christie, PhD thesis). 
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Figure 9.6. Standard tree-ring chronologies of N. betuloides for three sites LDN, LFA, LDP in 
Southern Tierra del Fuego, Chile.  
 
Site chronology N. betuloides
Chronology std N.betuloides
Mean
1769 
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Figure 9.6. (cont’d) As above for N. pumilio in sites LFB and LDS (Lara et al, unpublished). 
Site names and characteristics are given in Table 9.2. The red line is a cubic spline version 
designed to reduce 50% of the variance in a sine wave with a periodicity of 25 years. The N. 
betuloides chronologies show a clear low frequency signal and an extreme low value in year 
1769. This low value can be associated to an extreme cold event reported in Prieto et al., 2004. 2 
 
The two N. pumilio chronologies are dominated by a high frequency variation due to a 7 years 
cycle. Phase-spectral analysis shows that this 7-year cycle is synchronous between both 
chronologies (not shown). All chronologies have a negative correlation with annual temperature. 
More details of this non climatic cycle are given in Aravena et al.3 
 
2 Prieto, M.R., García, B.R., & Hernández, E., 2004. Early records of icebergs in the southern ocean from Spanish 
documentary sources. Climatic Change 66 (1-2): 29-48. 
3 Aravena, J.C., Lara, A., Wolodarsky, A., Villalba, R. & Cuq, E. 2002.Tree-ring growth patterns and temperature 
reconstruction fron Nothofagus pumilio (Fagaceae) forests in the upper tree line of Southern Chilean Patagonia. 
Revista Chilena de Historia Natural 75, 361- 376. 
Site chronology N. pumilio
Chronology std N. pumilio
Mean
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Figure 9.7. Fieldwork in 
Colonia Tres Puentes. 
This site is near Puerto 
Montt in the Chilean, 
Lakes District. a) Emilio 
Cuq extracts a wedge-cut 
from an old stump of 
Fitzroya cupressoides 
tree. Behind Calbuco 
volcano.  
 
b) Old stand of F. 
cupressoides and 
regeneration.  Massive 
clearing and burning 
occurred in the Lakes 
District area since the 
mid-nineteenth century, 
with the arrival of colonist 
to the area. 
a)
b)
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Figure 9.8. Sampling of Araucaria araucana in Reserva Natural Malalcahuello (38º 5’ S) a) 
Emilio Cuq samples a big living Araucaria. b) Site characteristics and Lonquimay volcano in 
National Reserve Malalcahuello. c) A view of Nitrao site (38º 1’ S), near the Cordillera de Los 
Andes area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) 
a) b) 
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a) 
b) 
Figure 9.9. Sampling sites of Araucaria araucana in National Reserve Ralco (38º 46’ S) 
(a) and National Park Conguillio, Captren area (38°38' S). Behind, Llaima volcano (b). 
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Figure 9.10. Puerto Blest Dendrochronological Fieldweek, Argentina. a) Juan Quezada 
examines a tree-ring core at the laboratory in Puerto Blest. b) Chilean students supported by the 
project in a discussion with Dr. Ricardo Villalba. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.11. 18th Annual North American Dendroecological Fieldweek, Apex Mountain, British 
Columbia, Canada (June 13th - June 21st). a) and b) Claudia Mansilla and Paz Peña work in the 
Dendroentomology group with Dr. René Alfaro. 
 
 
 
 
a) b) 
a) b) 
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b) 
Figure 9.12.  First American 
Dendrochronology Conference - 
AmeriDendro 2008 (23-27 June). 
Juan Quezada (a), Paz Peña (b) and 
Francisco Morey (c) attended the 
conference with the support of our 
project. 
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10.2. Project Funding  
To reach the CRNII-047 project objectives additional funds have been provided by a 
grant supported by the Agency of Science and Technology in Mexico (CONACYT). A research 
proposal was recently submitted for additional funds to the same funding agency and a new grant 
from our institution (INIFAP) has been provided to expand the network of existing cypress 
chronologies all over the country. The dollar amount for these proposals is as follows: 
 
Funding Agency Project Title Amount  
($ US) 
Agency of Science 
and Technology 
(CONACYT) 
Manejo Integral de los Recursos Naturales en el Ambito de la 
Ciudad de León, Guanajuato, Mexico (Sustainable Management 
of Natural Resources in the Valley of Leon, Guanajuato, 
Mexico) 
37,000 
Research Institute  
of Forestry, 
Agriculture and 
Livestock 
(INIFAP) 
Reconstrucción de clima, flujos y potencial ecoturístico de los 
bosques de galería de ahuehuete (Taxodium mucronatum Ten.) 
en México (Streamflow, climate reconstruction and potential for 
amenity of riparian ecosystems with cypress (Taxodium 
mucronatum Ten.) in Mexico) 
36,000 
Total 73,000 
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10.3. Research Activities and Findings 
 
Major project activities in the period 2007 - 2008: 
 
• Development of climate sensitive tree-ring chronologies in the Sierra Madre Occidental and 
the “Bajio” region in central Mexico. 
• Reconstruction of climatic variables (e.g., precipitation, streamflow), detection of historical 
droughts and pluvials and their socieoconomical impact. 
• Exploring new species (Pinus pinceana, Pinus cembroides, Pinus culminicola) for 
dendrochronological studies 
• Establishment of collaborative agreements with educational institutions for research and 
training activities. 
• Promoting research activities and their results in symposia, workshops, wood exhibits, etc.  
• Organization of the second Mexican dendroecological fieldweek training course 
• Publication of research material in domestic and international journals  
• Guided visits to our Tree-Ring Laboratory for educational purposes 
• Submission of proposals to funding agencies 
• Advising undergraduate and graduate students for thesis development purposes 
 
Major findings  
 The climatic response of Douglas-fir chronologies for northern Mexico was analyzed by 
using Principal Component Analysis (PCA). The PCA loaded the chronologies in two principal 
components, the first eigenvalue integrated the Chihuahua chronologies and the second 
eigenvalue the Durango chronologies. Due to a common response, separate ring width and 
earlywood Douglas-fir regional chronologies for Chihuahua and Durango were developed. Both 
regional earlywood chronologies responded significantly to seasonal winter-spring precipitation 
which is modulated by the ENSO warm phase (as captured by the Tropical rainfall Index, TRI,  
see Figures 10.1 and 10.2). The implication from this finding is that northern Mexico is an 
important region to study the historical behavior of the ENSO phenomenon which has serious 
implications in terms of controlling the amount of cool season precipitation delivered to this 
region. The volume of water produced in the watersheds in northern Mexico is mostly used for 
agricultural purposes but also has important ecological implications, therefore understanding 
hydroclimatic variability is very important for the management of the limited water resources in 
this region. 
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Figure 10.1. Correlation between the regional earlywood chronology for Chihuahua and the TRI 
(an estimate of the ENSO warm phase) from 1895 – 1995. Correlation values were significant 
for all 20-year subperiods except 1975 – 1995. The latter situation could result from natural 
variability, anthropogenic activities or both.  
 
 
Figure 10.2. Wavelet analysis showing the relationship between the regional earlywood 
chronology for Chihuahua and the Tropical Rainfall Index. The red area delimited by a black line 
encompasses a significant relationship between both variables. The direction of the black arrows 
indicates the sign of the relationship. Horizontal black arrows pointing right show positive or in-
phase relationships, left-pointing horizontal arrows are not in phase and is not clear whether the 
relationship is positive or negative. The oval shaped figure constitutes the confidence limits. A 
significant relationship between both variables was found at frequencies of 4 to 16 years from 
1905 to 1970, but the last 20 years were not significant (see also Figure 10.1).  
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Fire frequency studies and their relationship to climate are very important for ecosystem 
management, conservation and restoration purposes as most forest ecosystems in northern 
Mexico historically evolved under the influence of fires. A fire frequency study was developed 
to study this relationship in a mixed conifer stand at “Cerro Mohinora” in southwestern 
Chihuahua. A Douglas-fir chronology (earlywood, latewood, total ring width) was developed for 
the period 1700-2005 and a seasonal precipitation reconstruction was produced for the 
Guadalupe y Calvo site, which is representative of the southwestern Chihuahua region (figure 3).      
Calibration and verification analysis were developed to produce a significant model for the 
reconstruction. The total instrumental precipitation data (1966 – 1985) was divided in two 
subperiods, one for calibration (1974 – 1985) and one for verification (1966 – 1973). The 
calibration period between the standard earlywood chronology and the seasonal (January –June) 
precipitation data had a correlation of 0.72, explaining 52% of the variance. On the other hand, 
the verification period showed a correlation of 0.88 and 77% of the variance. Over the entire 
instrumental period (1966 – 1985) the correlation  was  0.76,  explaining 58% of the variance. 
Statistical analysis of calibration and verification indicated that the correlation, reduction of 
error, “t” test, and first significant difference were significant (p<0.05).  
 
The linear bivariate model used for the reconstruction was: 
 
Yt = -374.647 + 670.357Xt 
 
Where: 
 
Yt = is the seasonal (January-June) reconstructed precipitation value for a specific year 
Xt = Standard earlywood annual index 
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Figure 10.3. A January-June precipitation reconstruction developed for southwestern Chihuahua. 
The reconstruction shows severe droughts for the periods 1695-1715, 1753-1760, 1785-1792, 
1798-1807, 1819-1830, 1840-1870, 1890-1896, 1906-1912, 1924-1941, 1970-1|977, and 1994-
2005. The most extended droughts took place from 1695 to 1715, 1840 to1870, and 1924 to 
1941.Hydroclimate variability for this region is significantly influenced by the warm phase of 
ENSO. 
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The fire frequency reconstruction indicated a strong relationship between fire dates and 
drought conditions (Figure 10.4). The fire years coincided  with dry years but were preceded by 
one or two years of wet conditions (Cerano, 2008). A similar pattern has been reported for fire 
studies in mixed-pine forests of Durango, Chihuahua, and the southwestern United States (Fulé 
et al. 2005). In this study the most intense and extended fires occurred in the dry years of 1902, 
1904, 1922, 1945, 1971, and 1987. Wet years were significantly associated with the warm phase 
of ENSO as described earlier for the composite earlywood chronology for Chihuahua (Figures 
10.1 and 10.2). 
This chronology is of great significance in understanding historic hydroclimate variability 
as it allows the analysis of water availability in watersheds draining towards the Pacific plains 
where some of the most important irrigation districts are located. The irrigated farm area in each 
year is highly dependent on the water stored in reservoirs from previous years and therefore 
determining hydroclimate variability provides a better perspective to analyze long-term 
fluctuations of water availability. 
 
 
Figure 10.4.  Reconstructed fire frequency for the Cerro Mohinora site in southwestern 
Chihuahua, Mexico. Most of the fires occurred in a dry year preceded by one or two years of wet 
conditions. The fire– climate relationship is significantly influenced by the ENSO warm phase in 
this part of the country. Note that after 1970 the frequency of fires changed as consequence of 
human activities (fire suppression, intensive logging and overgrazing, among other factors). 
 
 The northeastern region of Mexico is flanked by the Sierra Madre Oriental spanning 1350 
km from northern Nuevo Leon to central Puebla where it joins with the east-west running 
Transvolcanic Axis in central Mexico. The orographic features of this mountain range affect the 
rainfall distribution with greater precipitation on the highest peaks and the eastern drainage 
facing toward the Gulf of Mexico. Rainfall decreases west of the crest due to orographic rain 
shadow effects. Previous tree-ring chronologies of Douglas-fir have been developed at higher 
elevation sites in this mountain range, but studies were not previously available from lower 
elevations where precipitation rarely reaches 400 mm. New chronologies have recently been 
developed  from dry-tolerant species such as pinyon pines (Pinus cembroides, Pinus pinceana, 
Pinus culminicola). Pinyon pine species are highly sensitive to changes in precipitation and 
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provide records that are important in determining climate variability at lower elevations where 
most of the settlements, agricultural areas, and industrial infrastructure are located. Water use 
and demand are much greater here than in other parts of the basin. 
 A 410-year long Pinus cembroides chronology was developed for the Saltillo, Coahuila 
region (Figure 10.5). This ring-width chronology is sensitive to January to July precipitation and 
characterized the precipitation variability of the semiarid section of northeastern Coahuila 
(Constante, 2007).       
 
 
Figure 10.5. Seasonal January-July precipitation for Sierra de Zapalinamé, Coahuila. This 
climate reconstruction shows severe and extended droughts for the region in the periods 1595-
1618, 1917-1934, 1945-1962, and 1993-2004. The latest drought has been recorded with 
instrumental data for northern and central Mexico and post 1950´s droughts have been some of 
the most severe in the last 400 years. 
 
 To analyze the average response of pinyon pine chronologies in the semiarid region of 
Sierra de Zapalinamé (the main source of water for Saltillo city and surrounding settlements), a 
composite ring width chronology integrating several chronologies was developed. This 
composite chronology (Figure 10.6) shows similar climate-related variability to the individual 
chronologies developed previously but is more sensitive and regionally more representative. A 
precipitation reconstruction is currently being developed from this record.  
 A regionally respresentative Pinus pinceana chronology for northeastern Mexico was 
developed that included specimens from sites in northern Coahuila to central Querétaro. This 
composite chronology extended back 206 years (1800-2005). The ring-width chronology was 
significantly correlated with grided precipitation records for the states of Cohuila, Zacatecas, and 
San Luis Potosi and a winter-spring (January-July) precipitation reconstruction was developed. 
The reconstruction shows the high interannual and multidecadal variability that is common to 
this region (Figure 10.7).  
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 Comparing the Pinus cembroides and Pinus pinceana January-July precipitation 
reconstructions we found that they are significantly correlated (r = 0.37, p<0.001), suggesting 
that they share the influence of some common climatic factors. The ENSO signal is weaker in 
northwest Mexico as compared to Chihuahua and Durango which are highly impacted by these 
phenomena. We argue that other climatic phenomena (tropical storms, hurricanes, cold fronts) 
may influence the precipitation climatology of northeastern Mexico (Villanueva et al. 2007) 
accounting for some of the differences between these two records. 
 
Figure 10.6. Composite pinyon pine chronology for lower elevation sites in the Sierra de 
Zapalinamé, Cohuila. This chronology indicates that the droughts of the 1950s and 2000s were 
probably the most severe in the last 400 years for this region.   
 
 
Figure 10.7. Reconstructed January-July precipitation for the semiarid region of northeastern 
Mexico. Prolonged droughts are reconstructed for the periods 1800-1818 (18 years), 1894-1907 
(13 years), and 1947-1965 (18 years). The most recent drought (1994 to 2005) is evident in this 
reconstruction and has been observed in other reconstructions for central and northern Mexico. 
Natural climate variability, land-use changes, among other anthropogenic factors may be 
contributing to this behavior, which is hypothesized could be produced by changes in albedo 
affecting the energy budget, particularly when large tract of lands are subject to different land 
use changes. 
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 Cypress (Taxodium mucronatum) and pinyon pine (Pinus cembroides) ring width 
chronologies were developed for sites in the states of Guanajuato, Jalisco, and Queretaro, located 
in the region known as “The Bajio” in central Mexico (Table 10.1). No previous tree-ring 
chronologies had been developed for “The Bajio”, one of the most important agricultural areas in 
central Mexico. Intensive water use has characterized this region at least for the last 50 years. 
Most of the water comes from the currently overexploited aquifer. An understanding of the 
historic hydroclimate variability is essential to analyze the frequency of dry and wet episodes, 
extreme precipitation events and the influence of different atmospheric circulatory patterns on 
precipitation in this area. This information will be a critical contribution to design strategies for 
the management of limited water resources in this region.      
  
Table 10.1. Network of new climate sensitive tree-ring chronologies for central Mexico 
State Site Site 
Code 
Coordinates 
(Degrees) and 
Elevation (m) 
 Chronology 
Length 
(Years) 
Chronology  
Type
1
 
Species
2
 
Manuel 
Doblado 
MDO 20.651, 101.881; 
1735 
1770 – 2006 RW TM 
Jerecuaro JER 20.140, 100.521; 
1950 
1880 – 2007 RW TM 
Ibarra IBA 21.412, 101.518; 
2300 
1785 – 2007 RW PC 
Guanajuato 
Paloma PAL 21.4; 101.117; 2300 In process RW PC 
Jalisco Atotonilco ATO 20.569, 102.454; 
1650 
1826 – 2006 RW TM 
Querétaro Barranca 
de 
Cocheros 
BAC 20.383, 100.098; 
2050 
1767 - 2007 RW TM 
1RW: Total ring width 
2TM:Taxodium mucronatum; PC: Pinus cembroides 
 
 The MDO and JER ring width chronologies are significantly correlated and were used to 
develop a regional chronology for the central-southern part of Guanajuato. This composite 
chronology was compared to a gridded regional climatic record based on 10 meteorological 
stations distributed across the same region. The chronology had a positive correlation response to 
monthly precipitation from January to August of the growth year, but the most significant 
correlation was obtained for the total January-May precipitation (r = 0.75, p<0.01). A 
reconstruction of precipitation for this season from 1770 to 2007 indicated high precipitation 
variability with droughts in the periods 1778-1788, 1798-1811, 1817-1839, 1861-1904, 1970-
1985, and 1995-2002 (Figure 10.8). The most severe droughts were from 1817 to 1839, and 1861 
to 1904 and were 23 and 44 years long, respectively.   
 Wet episodes were reconstructed for the periods 1789 to 1797, 1840 to 1860, 1905 to 
1927, 1964 to 1969, 1987 to 1994, and 2003 to 2007. Prior to the 1950´s three pluvials are 
identified in the periods 1789 to 1797, 1840 to 1860, and 1905 to 1927 with total precipitation 
close to 350 mm for this season. The Guanajuato state has one of the richest archives of 
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historical information and this precipitation reconstruction will be compared and verified against 
these archival records to examine the socioeconomic impacts of extreme climatic events. 
 
 
Figure 10.8. Reconstructed January-May precipitation for the central-southwestern region of 
Guanajuato. The reconstruction shows high variability with well-defined dry and wet episodes. 
Although rainfall for this season is relatively low compared to the rainfall volumes of the 
summer season, the reconstruction is useful to define winter-spring climate variability for this 
region. The reconstruction shows that some years have close to zero or no precipitation which 
also occurs in the 20th century instrumental records.  
 
 Current research work is focused on determining the association between stream gauge 
data and ring-width indices from cypress chronologies in order to develop streamflow 
reconstructions in central Mexico, particularly in the states of Jalisco and Guanajuato. A 
substantial part of the project is devoted to increase the network of tree-ring chronologies for the 
country and we will continue working in this issue for the rest of the project. At the same time 
paleoclimatic reconstructions will be produced to understand climate variability and the 
importance of changing circulation patterns and extreme events, plus their socioeconomic 
impacts. 
Along with climate variability an important issue that impacts the hydrologic cycle and 
water availability in northern Mexico is changing land use. The main causes of degradation of 
soil and natural resources include logging activities, overgrazing, mining, clearcutting of forest 
to expand the agriculture area, and human-induced fires. The impact of these changes on water 
resources (and therefore agricultural production) must also be evaluated by specific studies, in 
addition to examining the role of climate variability. The Villa de Juarez zone of Durango state 
constitutes the most important aquifer for the Comarca Lagunera, an urban settlement over a 
million people. Land-use changes and their impacts on the available water resources for the Villa 
Juarez zone were determined by using geographical information systems (GIS) and photo 
interpretation. Land-use change was analyzed by data derived from comparison of historical 
aerial photos from the years 1970, 1995, and 2006 and input into GIS. The increase in 
agricultural activities (the main water users) was determined by considering the area of 
agricultural land and perennial crops plus the number of milk and meat production operations. 
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The results showed a significant increase in agricultural activities that were associated with 
greater water demand and impacts on subsurface water quality by nitrate pollution from 
increasing numbers of livestock (Table 10.2). Ongoing studies focus on analyzing the amount of 
runoff from the upper Nazas watershed that is used for agricultural activities, and the amount of 
water from the aquifer (over 400 wells) used for the same purpose.   
 
Table 10.2. Land-use change in Villa Juarez, Durango, Mexico. 1970-2006  
1970 1995 2006 Land use 
No. Ha No. Ha No. Ha 
Annual agriculture  9,628  9,294  9,329 
Irrigation systems (sprinkler 
irrigation) 
  7 252.2 12 526.1 
Orchard surface 172.7   505.5  551.2 
Irrigated land 9,800   10,052  10,407 
Dairy operations 6 33 27 73.8 26 124.3 
Meat operations 7 3.3 14 41.9 19 55.8 
Livestock at domestic level 2 2.3 68 12.7 101 22.5 
Chicken operations 5 9.8 11 25.3 18 43.6 
Grassland area  8.6  153,6  246.1 
Area for livestock use  9,819  10,206  10,653 
Water harvesting reservoirs for 
livestock use 
5 0.3 26 5.1 36 7.3 
 
References for this section 
 
Cerano Paredes, J. 2008. Variabilidad climática, regimenes de incendios e influencia de patrones 
circulatorios para el suroeste de Chihuahua. Tesis de Maestría. Universidad Autónoma de 
Chapingo, Bermejillo, Durango. México.118 pp. 
 
Constante García V. 2007. Reconstrucción de la precipitación invierno-primavera para los 
últimos cuatro siglos en el Ejido Cuauhtémoc, Saltillo, Coahuila. Tesis Profesional. 
Departamento Forestal, Universidad Autónoma Agraria “Antonio Narro”. Saltillo, 
Coahuila. 72 pp. 
 
Fule P.Z., J. Villanueva-Diaz, M. Ramos-Gómez. 2005. Fire regime in a conservation reserve in 
Chihuahua, Mexico. Canadian Journal of Forest Research 35: 320-330. 
 
Villanueva-Diaz, J, D.W. Stahle, B.H. Luckman, J. Cerano-Paredes, M.D. Therrell, M.K. 
Cleaveland. 2007. Winter-spring precipitation reconstructions from tree rings for 
northeast Mexico. Climatic Change 83: 117 – 131. 
 
10.4. Contributions of Co-PIs 
 New tree-ring chronologies have been developed in areas with no previous tree-ring data. 
Precipitation and streamflow reconstructions (developed and in progress) provide insight into the 
interannual and multiannual hydroclimate variability that characterizes northeastern and central 
Mexico. In central Mexico the effects of the warm phase of ENSO are weaker than the northern 
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region where tree growth (particularly the earlywood or spring wood production) is significantly 
controlled by winter precipitation influenced by this circulatory pattern. 
The development of new tree-ring chronologies from dry-tolerant species like pinyon 
pine (Pinus cembroides, Pinus pinceana, Pinus culminicola) has allowed a better understanding 
of the climatic variability of semiarid regions in northeastern Mexico where most of human 
population, industry and irrigation areas are located. The increased demand for water for 
different uses in this region is satisfied by overexploiting aquifers, but this situation is not 
sustainable for a long-term period. A proper management plan for water use has to be developed 
in the near future for this region and the development of paleoclimatic records of precipitation 
and streamflow are basic for this purpose. 
Detailed studies of land-use change for specific aquifers (Villa Juárez, Durango) in the 
Sierra Madre Occidental and Central Mexico (Valle de León, Guanajuato) have been developed 
by Dr. Juan Estrada-Avalos during the last year. Land use-changes have an accelerated impact on 
water resources, affecting the hydrological cycle, decreasing water quality and contributing to 
degradation of soil and vegetation. A better understanding of the impact of anthropogenic 
activities can help to plan and manage future activities to minimize their impact on hydrological 
resources.  
 Ecological and hydrological characterization of watersheds for central Mexico and future 
thesis studies may provide useful information for ecosystem restoration, management of natural 
resources, and the development of sound strategies for water management.        
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Wood Exhibits 
 
• Exhibit of cross-sections and increment cores of different species in the “Nogatec” event.  
ITESM. Campus Laguna. Torreón, Coahuila. August 9-10, 2007. 
 
• Exhibit of cross-sections and increment cores of different species in the “RNIAF” event.  
Universidad Autónoma de Guadalajara, Guadalajara, Jalisco. Mexico. September 19 to 21, 
2007. 
 
• Exhibit of cross-sections and increment cores of different species in the “Expo Forestal” 
event.  Centro de Convenciones, Guadalajara, Jalisco. Mexico. October 03-06, 2007. 
 
• Exhibit of cross-sections and increment cores of different species in the “Congreso 
Mexicano de Recursos Forestales” event.  Morelia, Muchoacán, Mexico. October 28-31, 
2007. 
 
10.6. Data 
 A set of new tree-ring chronologies has been produced in this period. The increment core 
collection is stored at the Laboratorio de Dendrocronologia del INIFAP  and is available to the 
public for further research work. A copy of the tree ring chronologies will be sent to the IAI 
Database. 
The land-use change study for the Villa Juarez, Durango aquifer has produced a series of 
GIS maps which are also available by request.   
 
10.7. Capacity Building 
 The second Mexican dendroecological training course was given in Gomez Palacio, 
Durango from July 23-28, 2007. The course had 16 participants from different educational and 
research institutions in Mexico (Figure 9). A new dendroecological training course will be 
offered in the second week of August, 2008.  A CD of instructional materials and papers was 
prepared for this meeting and is available on request to Dr Villanueva Diaz. 
New dendrochronological material for educational purposes is added to our facilities 
continuously, this material is very useful to promote our research activities to the general public. 
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Figure 10.9. Some participants of the second dendroecological fieldweek in Durango, Mexico. 
July, 2007. 
 
Students trained & scholarships 
Several students undertaking undergraduate and graduate research work were trained 
during the second year (2007-8) of the project (Table 10.3). 
 
Student 
Name 
Education Affiliation Training activity 
Prisma Ruiz Biology 
(Undergraduate) 
UNAM, México, D.F Increment core collections, processing of material 
and chronology development of Douglas-fir 
(Pseudotsuga menziesii) in Tlaxcala, Mexico 
Eunice N. 
Cortés 
Biology (Master in 
Science student) 
Universidad Autónoma 
de Tlaxcala, México 
Increment core collections, processing of material 
and chronology development and interpretation; 
reconstruction of climate data using cypress 
(Taxodium mucronatum) an pinyon pine (Pinus 
cembroides) trees 
Miriam 
Hernandez 
Forest Engineer 
(Master in Science 
student) 
UAAAN, Saltillo, 
Coah. 
Increment core collections, processing of material 
and chronology development and interpretation; 
reconstruction of climate data using pinyon pine 
(Pinus pinceana) trees 
Pamela A. 
Canizales V. 
Biologist 
(Undergraduate) 
UANL, Departamento 
de Biologia 
Processing and dating of cypress collections in 
Nuevo Leon 
 
Institutional capacity building 
New proposals have been submitted to Mexican funding agencies. If the proposals are 
funded part of these funds will be used to purchase of equipment for dendrochronological 
studies. A grant from INIFAP was accepted recently. Funds from this grant will be used to 
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purchase cartographic material, sanding material, and other equipment required to improve the 
preparation process of wood collections.    
 
10.8. Regional Collaboration/Networking 
The project provides excellent opportunities for collaboration and exchange of 
experiences at both domestic and international levels. At the national level we have founded a 
research group at INIFAP to develop collaborative projects in ecological services where our 
project provides basic information to support proposals dealing with water yield, historic 
hydroclimate variability, carbon sequestration, location of ancient trees, and other important 
ecological information. Further collaboration has continued with researchers in UNAM, 
particularly with Dr. Rodolfo Acuna-Soto from the Institute of Medicine to analyze the historical 
impacts of climate on human diseases, and with Dr. Lorenzo Vazquez from the Institute of 
Geography to study the paleoclimatic potential of Pinus hartweggii at higher elevations of the 
Cofre del Perote, Veracruz, Iztaccihuatl, and Popocatepetl in the state of Mexico. The advising of 
undergraduate and graduate students has been enhanced by the support provided by Dr. Eladio 
Cornejo-Oviedo from the UAAAN, Saltillo, Coahuila. 
At the international level we continue strong collaboration with Dr. Dave Stahle and 
colleagues developing long tree ring chronologies for Mexico. In this regard, Dr. Stahle has 
recently been awarded a new project funded by NSF to develop long cypress and Douglas-fir 
chronologies in Mexico and Guatemala. We started collaboration with Dr. Peter Z. Fulé from the 
Northern Arizona University in a project dealing with the interactions of climate, fire, and forest 
structure in northern Mexico. This project is also funded by NSF. Fieldwork for this project was 
carried out in July, 2007, and in May to July, 2008. Additional collaboration has been established 
with Dr. Georgina Endfield from the University of Nottingham, England to analyze the 
socioeconomic impact of historical droughts in northern Mexico. We also have started 
collaboration with Dr. Connie Woodhouse from the University of Arizona to work on a 
reconstruction of streamflow for the Conchos river, one of the main tributaries of the Río Grande 
that is shared by the United States and Mexico.   
 
10.10. Policy relevance 
Many of the results of this project have not yet been presented to decision makers as they 
are incomplete or still in process. Some information, e.g. the location of ancient trees, has been 
provided to and used by federal and non-profit organizations to promote the conservation of 
these environments, particularly in riparian areas. Preliminary results of the project have been 
presented in scientific meetings and national and international symposia. The exhibition of cross-
sections and other woody material has had great impact on the public and students of different 
educational levels and constitutes a suitable way to promote our research work.     
 
10.11. Main Conclusions 
The study of atmospheric circulation patterns in particularly the ENSO signal is of great 
importance in northern Mexico, where winter-spring precipitation influences the earlywood 
growth and controls water availability for the subsequent growing season. The impact of this 
circulation pattern varies across Mexico and affects some areas with greater intensity than others. 
Our tree-ring analyses suggest a dipole effect with higher impacts of ENSO in northern Mexico 
whereas areas in central and southern Mexico show lesser or no effects from ENSO variability. 
These preliminary results have to be verified by developing a more complete network of tree-
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ring chronologies for central and southern Mexico. Although some progress has been made 
reconstructing summer precipitation, we need to pay more attention to developing tree-ring 
chronologies sensitive to summer precipitation which represents over 70% of the annual rainfall. 
Determining the evolution of land-use changes for specific watersheds allows a better 
understanding of the behavior of the hydrological cycle, changes in biodiversity, soil 
degradation, water quality, etc. Water management plans, conservation of natural resources and 
ecosystem conservation programs can benefit from using GIS techniques and paleoclimate data 
along with direct measurements. The Villa de Juarez study is a good example of this type of 
research work and has to be expanded to different watersheds of the Sierra Madre Occidental and 
central Mexico.     
 
10.12. Work plan for next year 
Activities for next year of the project will focus on expanding the network of tree-ring 
chronologies sensitive to summer precipitation; the development of longer chronologies (>500 
years); additional development of precipitation and streamflow reconstructions and studies of the 
impact of ENSO and the North America Monsoon System (NAMS) on summer and winter 
precipitation. Instrumental climate and hydrological data will be analyzed in detail for important 
watersheds draining to the Chihuahuan Desert and Coastal Plain. Studies of the impact of land-
use changes on hydrological processes will be expanded to watersheds draining to the Conchos 
River and to the Rio Grande as part of our continued collaboration with Drs. Connie Woodhouse 
and Dave W. Stahle. 
Technical information derived from the project will be provided to users and decision 
makers for its potential application in the planning of water resources. Scientific information will 
be submitted to national and international journals and presented in symposia, workshops, and 
scientific meetings. Technical information will be published in booklets, pamphlets, news 
reports, etc., for public use. We will continue attending ecological events and receiving students 
at different educational levels for educational exhibits, talks, short training courses, thesis 
development, and fieldwork.   
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